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HYDROLOGIC AND WATER-QUALITY DATA RELATED
TO THE OCCURRENCE OF ARSENIC FOR AREAS
ALONG THE MADISON AND UPPER MISSOURI
RIVERS, SOUTHWESTERN AND WEST-CENTRAL

MONTANA

By L.K. Tuck, DeAnn M. Dutton, and David A. Nimick

Abstract

Geothermal waters in Yellowstone National Park
contribute large quantities of arsenic to the headwaters
of the Madison River, which, in part, forms the upper
Missouri River. Water in some Quaternary and Tertiary
valley-fill deposits along the Madison and upper Mis-
souri Rivers also is locally enriched in arsenic. Arsenic
in surface and ground water in these valleys is an
important public-health concern because arsenic con-
centrations frequently exceed the State of Montana
water-quality human health standard of 18 micrograms
per liter as well as the U.S. Environmental Protection
Agency Maximum Contaminant Level of 50 micro-
grams per liter.

This report presents hydrologic and water-quality
data for the Madison and upper Missouri Rivers and
selected tributaries, irrigation supply canals or ditches,
drains, springs and seeps, for Lake Helena, and for
ground water in adjacent areas. Hydrologic and water-
quality data were collected and compiled to provide
information to more fully understand the extent, mag-
nitude, and source of arsenic in surface and ground
water along the Madison and upper Missouri Rivers; to
assess, to the extent possible, the mechanisms that con-
trol arsenic concentrations; and to assess the effect of
irrigation on arsenic concentrations. Hydrologic and
arsenic-concentration data were collected by the U.S.
Geological Survey and other agencies for 104 surface-
water sites and 273 ground-water sites during this and
previous studies. The quality of analytical results for
arsenic concentrations was evaluated by quality-con-
trol samples that were submitted from the field and ana-
lyzed in the laboratory with routine samples. Quality-
control samples consisted of replicates, standard refer-

ence samples, interlaboratory comparison samples, and
field blanks.

INTRODUCTION

Geothermal waters in Yellowstone National Park
contribute large quantities of arsenic to the headwaters
of the Madison River (fig. 1). The median total-recov-
erable arsenic concentration in water from the Madison
River near West Yellowstone is 280 pg/L. The Madi-
son River joins the Jefferson and Gallatin Rivers near
Three Forks to form the upper Missouri River, where
the median total-recoverable arsenic concentration in
streamflow is about 74 pg/L. Farther downstream,
below Canyon Ferry Lake near Helena, the median
total-recoverable arsenic concentration in streamflow
is 27 pg/L (Knapton and Horpestad, 1987; Knapton
and Brosten, 1987, 1989; U.S. Geological Survey, pub-
lished annually). Water in some Quaternary and Ter-
tiary valley-fill deposits along the Madison and upper
Missouri Rivers also is locally enriched in arsenic.
Arsenic concentrations in ground water are highest in
the lower Madison River Valley near Three Forks,
where an arsenic concentration as high as 176 pg/L has
been reported (Sonderegger and Sholes, 1989).

Water from the Missouri River is not used for
municipal supply upstream from Canyon Ferry Lake;
however, domestic and public-supply wells exist in
areas where arsenic concentrations in ground water are
high. Recent increases in residential development, par-
ticularly near the flood plains and on adjacent terraces,
have resulted in additional wells in areas of high
arsenic concentrations.

Arsenic in surface and ground water in the Madi-
son and upper Missouri River Valleys is an important
public-health concern. Arsenic concentrations in the

Abstract 1



46°45'

45°

12°07'30" 111°22" 30"

T T
N I$
LEWIS AND CLARK 2 \
co

.
r i MEAGHER CO
I

Canyon Ferry ?\
Reservoir
.
. Sopthern
part of the
Townsé

Valley
(Figurs 4)

DADWATER H\
| €O

—_—

JEFFERSON CO

M~

G‘a//a/,;,

SILVER BOW

\\%co

57

i 5 — -Lov?r
_ Madison
Harrison o ._H River Valley
(Figure 3)

Norris
GALLATIN CO

| E——

MADISON CO

Northern

part of the *
Upper Modison i
River Valley '
{Figure 2) }
) | A%
{ W\
_L—-j | égr o
i ng.:'
LI 321
] =18
L___! N

BEAVERHEAD CO

t
MONT ANA \

/\\\’\'L"'\/—ﬁ\r

Base from U.S. Geological Survey
State base mop, 1:1,000,000, 1965

4 \DAHO
o] 10 20 MILES

o] 0 20 KILOMETYERS

Figure 1. Location of study area in Montana.

2 Hydrologic and Water-Quality Data Related to the Occurrence of Arsenic for Areas Along the Madison and Upper Missouri Rivers,

Southwestern

and West-Central Montana

EXPLANATION

—=-=-=-GENERAL EXTENT OF VALLEY
IN THE STUDY AREA

SURFACE-WATER SITE
A Continuous streamflow record
A periodic streamfiow record

N Periodic water-quality record

$3 Site number

Virgells

#sSouRl

MONTANA




Madison and upper Missouri Rivers and some ground
water exceed the State of Montana water-quality
human health standard of 18 pg/I. (Montana Depart-
ment of Environmental Quality, 1995) as well as the
U.S. Environmental Protection Agency Maximum
Contaminant Level (MCL) of 50 pg/L. (U.S. Environ-
mental Protection Agency, 1996). The extent of
affected areas and the mechanisms that control arsenic
concentrations in surface and ground water in the Mad-
ison and upper Missouri Rivers are relatively
unknown.

The Montana Department of Natural Resources
and Conservation (MDNRC) adopted standards in
1992 that prevent new irrigation projects if water
diverted for irrigation increases arsenic concentrations
in surface or ground water. A better understanding of
the historic effects of irrigation on arsenic in surface
and ground water was needed to be able to predict the
effect that proposed new irrigation would have on
arsenic concentrations. Consequently, the U.S. Geo-
logical Survey (USGS), in cooperation with the
MDNRC and the Bureau of Reclamation (BOR), con-
ducted a study to obtain additional information to meet
these needs.

This report presents hydrologic and water-quality
data for the Madison and upper Missouri Rivers and
selected tributaries, irrigation supply canals or ditches,
drains, springs and seeps, for Lake Helena, and for
ground water in adjacent areas. Hydrologic and water-
quality data were collected and compiled during 1992-
1995 to provide information to more fully understand
the extent, magnitude, and source of arsenic in surface
and ground water along the Madison and upper Mis-
souri Rivers; to assess, to the extent possible, the mech-
anisms that control arsenic concentrations; and to
assess the effect of irrigation on arsenic concentrations.
The data presented were obtained by the USGS and
other agencies during this and previous studies.

Description of the Study Area

The study area consists of about 2,320 mi?
located within Madison, Gallatin, Jefferson, Broadwa-
ter, and Lewis and Clark Counties in southwestern and
west-central Montana. The study area extends from
West Yellowstone to the Helena Valley and is divided
into four areas where stream water has been diverted
for irrigation: the northern part of the upper Madison
River Valley, the lower Madison River Valley, the
southern part of the Townsend Valley, and the Helena

Valley. Additionally, three surface-water sites (S1, S2,
and S3) are located southeast of the upper Madison
River Valley near West Yellowstone to Quake Lake and
one surface-water site (S104) is located downstream
from the Helena Valley at Virgelle (fig. 1).

These valleys are filled with generally permeable,
unconsolidated to consolidated Tertiary to Quaternary -
deposits, which form modern flood plains, terraces,
alluvial fans, and benches. This valley fill forms a
complexly stratified sequence of gravel, sand, silt, and
clay that can be several thousand feet thick. Valleys are
surrounded by mountains composed of generally
impermeable Archean to Quaternary bedrock or Ter-
tiary semiconsolidated, fine-grained sediments.

The northern part of the upper Madison River
Valley (fig. 2) extends from south of Cameron to north
of Ennis Lake. About 10,000 acres of land primarily
located on the Cameron Bench and along the West
Madison Canal are irrigated. Water is diverted for irri-
gation from the Madison River and some of its major
tributaries, which include Indian, O’Dell, Bear, and
Blaine Spring Creeks; therefore, many areas are irri-
gated from a mixture of water from the Madison River
and its tributaries. The main supply canals include
Granger and Shewmaker Ditches, an unnamed canal
that diverts water from O’Dell Creek to the Jeffers area,
and the West Madison Canal. Water has been diverted
for irrigation to some areas in the upper Madison River
Valley for more than 80 years (Keith, 1995). Irrigated
crops consist of alfalfa and native grass; some irrigated
land is used for pasture.

The lower Madison River Valley (fig. 3) extends
from near Elk Creek to near Trident. About 5,900 acres
of land located mostly between the river and prominent
cliffs of the Madison Plateau to the east are irrigated.
Water is diverted for irrigation from the Madison River
near Elk Creek to near the Missouri River north of
Three Forks, as well as from two creeks (Spring and
Rey Creeks) that originate as springs on the valley
floor. Some areas are sub-irrigated by shallow ground
water. The main supply canals include Sloan, Hutchi-
son, Crowley, and Darlington Ditches, and Dell, Spring
and Rey Creeks on the east side of the valley, and the
Francis Walbert Ditch on the northwest side of the val-
ley. Water has been diverted for irrigation to some areas
in the lower Madison River Valley for more than 90
years (Keith, 1995). Irrigated crops consist of cereal
grains, alfalfa, and native grass; some irrigated land is
used for pasture.

INTRODUCTION 3



The southern part of the Townsend Valley (fig. 4)
extends from Plunket Lake to north of Townsend along
the east side of Canyon Ferry Lake. About 31,700
acres of land are irrigated. Water is diverted from the
Missouri River from near Toston to as far north as
Duck Creek and some diversions include a mixture of
water from tributaries and ground water. The main
supply canals include Toston Canal, Warm Springs
Creek, Broadwater-Missouri Westside Canal, Broad-
water Missouri Canal and Montana Ditch. Water has
been diverted for irrigation to some areas in the
Townsend Valley for more than 100 years (Lorenz and
McMurtrey, 1956). Irrigated crops consist of cereal
grains, seed potatoes, alfalfa, and native grass; some
irrigated land is used for pasture.

The Helena Valley (fig. 5) extends from Helena
and the Scratchgravel Hills northeast to Lake Helena.
About 21,200 acres of land are within the irrigation dis-
trict. Water is diverted from the Missouri River and is
pumped to the Helena Valley Regulating Reservoir.
Water is then released to the Helena Valley Canal and
its extensive network of distributary canals and ditches.
Water is also diverted from Prickly Pear, Tenmile, and
Sevenmile Creeks; therefore, some irrigated areas
include a mixture of water from these sources. Some
areas are sub-irrigated by shallow ground water. Water
has been diverted for irrigation to some areas in the
Helena Valley for more than 100 years (Lorenz and
Swenson, 1951). Irrigated crops consist of cereal
grains, alfalfa, and native grass; some irrigated land is
used for pasture.

Site-Numbering Systems

For clarity, surface-water sites are assigned a site
number from S1 through S104 in downvalley order
(table 1). (All tables are at the back of the report.)
Eight-digit station-identification numbers for routine
surface-water sites represent the standard USGS num-
bering system for streamflow-gaging stations. Fifteen-
digit station-identification numbers are used for mis-
cellaneous or temporary surface-water stations; these
numbers represent the approximate latitude and longi-
tude of this site (first 13 digits), plus the sequence num-
ber (last 2 digits).

Ground-water sites are assigned location num-
bers according to their geographic position within the
rectangular grid system used for the subdivision of
public lands (fig. 6). The location number consists of

as many as 14 characters. The first three characters
specify the township and its position north or south (N
or S) of the Montana Base Line. The next three char-
acters specify the range and its position east or west (E
or W) of the Montana Principal Meridan. The next two
characters are the section number. The next two to four
alpha characters designate the quarter section (160-
acre tract), the quarter-quarter section (40-acre tract),
the quarter-quarter-quarter section (10-acre tract), and
the quarter-quarter-quarter-quarter section (2.5-acre
tract), respectively, in which the well is located. These
four subdivisions of the section are designated A,B,C,
and D in a counter-clockwise direction, beginning in
the northeast quadrant. The last two numeric charac-
ters specify a sequence number, based on the order of
inventory, to distinguish between multiple wells at a
single location. For example, as shown in figure 6, well
1INO3W33BBAAO?2 is the second well inventoried in
the NE 1/4 NE 1/4 NW1/4 NW1/4 sec. 33, T. 11 N, R.
3W.
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SAMPLING LOCATIONS AND TYPES OF
DATA

Surface water was sampled at 40 sites on the
Madison and upper Missouri Rivers and selected tribu-
taries from West Yellowstone to Virgelle (fig. 1-5,
tables 1-9). Sites were selected on the basis of avail-
able historical hydrologic and water-quality data.
Selected tributaries were sampled to describe hydro-
logic and water-quality characteristics of water enter-
ing the Madison and upper Missouri Rivers and to
document other possible sources of arsenic. In addi-
tion, water-quality data were obtained for six diel (or
daily) investigations at five mainstem sites located on
the Madison and upper Missouri Rivers (tables 4-9).

4  Hydrologic and Water-Quality Data Related to the Occurrence of Arsenic for Areas Along the Madison and Upper Missouri Rivers,

Southwestern and West-Central Montana
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Figure 6. Numbering system for ground-water sites along the Madison and upper Missouri Rivers in Montana.

Surface water was also sampled at 64 sites on irri-
gation canals, ditches, drains, springs and seeps, and
Lake Helena. Most of these sites were selected either
on the basis of data available from the BOR (Mangel-
son and Brummer, 1994) or to provide data for areas
not covered by existing data sources.

Ground-water sites were selected along the Mad-
ison and upper Missouri Rivers from south of Cameron
to the northern part of the Helena Valley (fig. 1-5, tables
10-12). Sites were chosen based on review of hydro-
logic and arsenic-concentration data available from
previous studies, drillers’ logs, and to provide data in
areas not covered by existing data sources. Hydrologic
or arsenic-concentration data were obtained for 273
ground-water sites.

Most ground-water sites in the upper and lower
Madison River Valleys were selected because arsenic-
concentration data were available from previous stud-
ies. Data for some sites in the upper Madison River
Valley had been collected by the USGS and were
retrieved from WATSTORE. Data for most sites in the
lower Madison River Valley were retrieved from the
Montana Bureau of Mines and Geology (MBMG).
Most of these sites are reported in Sonderegger and
Sholes (1989) or Sonderegger and others (1989).

Ground-water sites from the MBMG were not field
checked by the USGS. Additionally, drillers’ logs were
obtained for these sites and hydrologic data from the
drillers’ logs were used as part of this study to help in
understanding the hydrogeology of the lower Madison
River Valley.

Privately owned water wells were inventoried
during 1992-1995 to obtain ground-water data in areas
not covered by existing data sources. Hydrologic and
field water-quality data were collected as part of the
inventory (table 10). Drillers’ logs were obtained for
most of these sites and compiled as part of this study.
Water samples were collected from many of these wells
in 1992-95 (tables 11 and 12).

METHODS OF SAMPLE COLLECTION,
PROCESSING, AND ANALYSIS

Surface-water samples were collected using
either cross-sectional, depth-integrated methods
described by Edwards and Glysson (1988), U.S. Geo-
logical Survey (1977), and Knapton (1985) for larger
streamflows or grab methods described by Knapton
(1985) for smaller streamflows (tables 2-9). Sampling
equipment consisted of standard USGS depth-integrat-

METHODS OF SAMPLE COLLECTION, PROCESSING, AND ANALYSIS 9



ing suspended-sediment samplers, which were either
constructed of plastic or coated with non-metallic
epoxy paint and equipped with nylon nozzles. Instan-
taneous discharge was determined by direct measure-
ment, from stage-discharge ratings, or estimation
(Rantz and others, 1982). Water temperature, specific
conductance, pH, and dissolved oxygen were deter-
mined during collection of water-quality samples.
Field processing of surface-water samples was per-
formed according to procedures described by Ward and
Harr (1990), U.S. Geological Survey (1977), and
Knapton (1985).

Suspended-sediment samples also were collected
when some water-quality samples were collected at
selected surface-water sites. These samples were ana-
lyzed by the USGS Montana District office for sus-
pended-sediment concentration and sand-silt
distribution (percent finer than 0.062-mm diameter)
according to methods described by Guy (1969) and
Lambing and Dodge (1993).

Samples for six diel investigations were collected
at about 1-hour intervals for 1- to 2-day periods at five
mainstem sites (tables 4-9). Depth-integrated samples
were collected at a single vertical at sites within the
active flow of the channel, where the water was well-
mixed, and as far from the river’s edge as could be
safely waded at night.

Ground-water samples (tables 11 and 12) were
collected using a variety of samplers and were pro-
cessed as described by Knapton (1985). Samples from
domestic and stock wells were obtained using the exist-
ing pump and at a discharge point as close to the well
as possible. Most wells had submersible pumps; how-
ever, a few wells had jet pumps, which can cause aera-
tion and, possibly, chemical changes in the water. Test
wells installed by Sonderegger and others (1989) and
Briar and Madison (1992) were sampled with a stain-
less steel submersible pump. All wells were purged
until at least three well volumes of water were removed
and field parameters measured onsite (water tempera-
ture, specific conductance, pH, and dissolved oxygen)
had stabilized. Field parameters were measured in a
flow-through chamber for all wells. Field values for
alkalinity were determined by incremental titration of
the sample with sulfuric acid. Samples for arsenic spe-
ciation were filtered and preserved with hydrochloric
acid. Water samples analyzed for oxygen-18/oxygen-
16 (O-18/0-16) and deuterium/hydrogen (D/H) iso-
topic ratios were not filtered or preserved.

Water chemistry samples were analyzed by one of
three laboratories: USGS National Water Quality Lab-
oratory, Arvada, Colo.; MBMG Analytical Division,
Butte, Mont.; or BOR, Bismarck, N.D. Samples sub-
mitted to the USGS were analyzed using methods
described by Fishman and Friedman (1989) and Fish-
man (1993).

Dissolved arsenic was determined on samples fil-
tered through 0.45-um pore-size filter. Total-recover-
able arsenic was determined on unfiltered samples.
Samples sent to the USGS were analyzed by hydride
generation atomic absorption spectrometry after a sul-
furic acid-potassium persulfate digestion designed to
liberate organic arsenic-containing compounds as
described by Fishman and Friedman (1989). Samples
sent to the MBMG laboratory were analyzed by induc-
tively-coupled plasma-mass spectrometry with no
digestion before analysis as described by American
Public Health Association and others (1992). Samples
sent to the BOR laboratory were analyzed by graphite
furnace atomic absorption after a nitric acid digestion
as described by American Public Health Association
and others (1992). Minimum reporting levels and pol-
icies regarding significant figures varied among the
three laboratories. Arsenic data are reported as
received from each laboratory.

Analyses for arsenic species were performed for
selected ground-water samples by the MBMG using
hydride generation atomic absorption spectrometry.
For this analysis, the concentration of arsenite plus
arsenate (As* and As*>, shown in tables 12, 15, and
17) was determined on subsamples that were reduced
in the laboratory with concentrated hydrochloric acid.
The concentration of arsenite (As *>, shown in tables
12, 15, and 17) was determined from subsamples that
were not reduced with concentrated hydrochloric acid
in the laboratory. The concentration of arsenate then
can be calculated as the difference between the concen-
tration of arsenite plus arsenate and the concentration
of arsenite.

QUALITY ASSURANCE AND QUALITY
CONTROL

Quality-assurance procedures used for collecting
and field processing of water-quality samples are
described by Ward and Harr (1990), Edwards and
Glysson (1988), Knapton and Nimick (1991), and
Knapton (1985). For water samples submitted to the
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USGS, standard procedures for internal sample han-
dling and quality assurance are described by Friedman
and Erdman (1982), Jones (1987), and Pritt and Raese
(1992). For suspended-sediment samples submitted to
the USGS Montana District, standard procedures for
sample handling and quality assurance are described by
Lambing and Dodge (1993).

The quality of arsenic concentrations determined
for this study was evaluated by quality-control samples
that were submitted from the field and analyzed in the
laboratory with routine surface- and ground-water
samples. Quality-control samples consisted of repli-
cates, standard reference samples (SRS), interlabora-
tory comparison samples, and field blanks (tables 13-
17). These quality-control samples provided informa-
tion on the precision or bias of laboratory analyses,
presence and magnitude of possible equipment or sam-
ple contamination, or comparability of arsenic data
from different laboratories.

Replicate samples are two or more samples con-
sidered to be identical. Analyses of replicate samples
indicate the precision, or reproducibility, of environ-
mental data, which is affected by the combined vari-
ability of field and laboratory processes to which the
sample is exposed. The precision, or reproducibility, of
arsenic data was evaluated by computing the relative
standard deviation (RSD) of arsenic concentrations
measured in one set of replicate, standard reference, or
interlaboratory samples. The RSD provides estimates
of the variation that can be expected for arsenic con-
centrations reported for this study. No RSD’s were cal-
culated when one or both of the replicate
concentrations was less than the minimum reporting
level. RSD’s were computed from the equation:

=standard deviation of values
mean of values

RSD x 100 ¢)

Replicate samples were submitted individually to
the USGS and the MBMG. The USGS alone analyzed
22 replicate samples for total-recoverable arsenic and
24 replicate samples for dissolved arsenic. The RSD’s
for these samples were less than 9 percent except for
one value of about 16 percent. MBMG alone analyzed

15 replicate samples for dissolved arsenic. The RSD’s
for these samples were less than 7 percent except for
one value of about 25 percent (fig. 7, tables 13-15).

Data from SRS’s indicate the accuracy or ability
to measure a known concentration. These samples are
not processed in the field, but are sent directly to the
laboratory for analysis, and thus provide quality-assur-
ance data primarily on laboratory procedures. Concen-
trations for SRS’s are assumed to be the median, or
most probable value, for any given constituent from
many analyses performed as part of the USGS’s inter-
laboratory evaluation program (H.K. Long and J.W.
Farrar, U.S. Geological Survey, written commun.,
1989, 1991; Long and Farrar, 1992). MBMG analyzed
10 SRS’s for common-ion and trace-element data
including arsenic (table 16). Only RSD’s for arsenic
were calculated and all values were less than 6 percent
(fig. 8).

Replicates were also divided between different
laboratories to evaluate interlaboratory precision. Nine
replicates were sent to the USGS and MBMG, 27 rep-
licates were sent to the MBMG and BOR, and 4 repli-
cates were sent to the USGS and BOR. The RSD’s for
dissolved-arsenic concentration for the 9 sets of repli-
cates sent to the USGS and MBMG ranged from about
0.6 percent to about 27 percent (fig. 9, tables 14 and
15). The RSD’s for dissolved-arsenic concentration for
the 27 sets of replicates sent to the BOR and MBMG
ranged from about 0.1 percent to about 31 percent (fig.
10, table 14). Twenty-one of 27 RSD’s were less than
about 10 percent; for the four replicate sets with RSD’s
of more than about 10 percent, arsenic concentrations
were near the minimum reporting level and ranged
from 0.7 to 5.1. The RSD’s for dissolved-arsenic con-
centration for the four sets of replicates sent to the BOR
and USGS ranged from about 2.5 percent to about 15
percent, with three of the four values being more than
10 percent (fig. 11, table 14).

Analytical results for field blanks are presented in
table 17. Blanks are aliquots of deionized water that
are processed through sampling equipment used to col-
lect environmental samples and subjected to the same
subsequent processing as environmental samples. A
field blank with constituent concentrations equal to or
less than the minimum reporting level for the analytical

QUALITY ASSURANCE AND QUALITY CONTROL 1
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method indicates that the entire sample-collection,
processing, and analytical process is presumably free
of significant contamination for those constituents.
Exceedances of twice the minimum reporting level
probably represent contamination or instrument cali-
bration error. Six field blanks were submitted to either
the USGS or MBMG. All values for arsenic in field
blanks were below the minimum reporting level.
Exceedances of twice the minimum reporting level
include calcium (on 08-13-92), chloride (on 08-13-
92), fluoride (09-21-92 and 09-23-92), silica (all 1992
samples), barium (on 09-21-92 and 09-23-92), and
iron (on 09-21-92 and 09-23-92). No adjustments
were made to analytical results.
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Table 1. Location of surface-water sites along the Madison and upper Missouri Rivers in Montana

[Site number described in text. Station-identification number described in text. Abbreviations: Site type: C, irrigation supply canal or ditch;
D, drain; L, lake; M, mainstem; S, spring or seep, T, tributary. Symbol: --, not applicable]

Bureau of
Site Station- Recla-
num- identification Station name! Site mation
ber number type desig-
nation?
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY

S1 06037500 Madison River near West Yellowstone M -

S2 06037600 Madison River above Hebgen Lake, near West Yellowstone M -

S3 06038500 Madison River below Hebgen Lake, near Grayling M --

NORTHERN PART OF THE UPPER MADISON RIVER VALLEY

S4 450734111402901 Granger Ditch at diversion with the Madison River C MGD
S5 450857111424301 Shewmaker Ditch at diversion with the Madison River C MSMD
Sé 451029111430901 O’Dell Creek at diversion with the Madison River T MOCA

S7 451218111404201 Bear Creek at bridge north of Cameron T BCS

S8 06040000 Madison River near Cameron M -

S9 451403111452301 Blaine Spring Creek near Varney T BSPG
S10 451628111455001 Seeps east of Thexton house S THEX
S11 451756111451801 West Madison Canal near Ennis C MWMC
S12 451818111414201 Bear Creek about 2.5 miles south of O’Dell Creek T BCM
S13 451942111422701 Bear Creek above O’Dell Creek Ditch Crossing T BCO
S14 451953111415801 O’Dell Creek Ditch at Highway 287 south of Ennis C OCD
S15 452005111422901 Bear Creek at road near Madison County Cemetery T BCR
S16 452031111425101 Bear Creek at mouth, at Ennis T BC
S17 452032111425201 Odell Creek at Ennis T OoCB
S18 452149111421901 Odell Creek near mouth, near Ennis T OCA
S19 452426111445401 West Madison Canal 2 miles west of Ennis Lake C WMC
S20 452520111423501 Ennis Lake seep 1 near McAllister S ENSA
S21 452603111430301 Seeps at bridge over Spring Branch S ESBS
S22 452604111424501 Ennis Lake seep 3 near McAllister S ENDA
S23 452606111424701 Ennis Lake seep 2 near McAllister S ESB
S24 06041000 Madison River below Ennis Lake, near McAllister M -

LOWER MADISON RIVER VALLEY

S25 06041300 Hot Springs Creek near Norris T --

S26 06041500 Madison River near Norris M -

S27 06041700 Cherry Creek near Norris T -

S28 453916111311001 Elk Creek at mouth, near Norris T -

S29 454019111313501 Sloan Ditch near Norris C MSD

S30 454033111314301 Hutchison Ditch near Norris C MHD
S31 454115111280901 Willow Springs east of Kilgore Ranch S KwS
S32 454159111303801 Dell Ditch near Harrison C MDELL
$33 454218111305501 Abandoned ditch near Harrison C MDELLA
S34 454406111305901 Crowley Ditch near Willow Creek Cc MCROW
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Table 1. Location of surface-water sites along the Madison and upper Missouri Rivers in Montana (Continued)

Bureau of
Site Station- Recla-
num- identification Station name! Stte mation
ber number type desig-
nation?
LOWER MADISON RIVER VALLEY-Continued

S35 454450111300501 01S02E17DCABO1 S SHW
S36 454531111304401 Darlington Ditch near Willow Creek C MDD
S37 454504111293201 Spring Creek near Willow Creek T,.D -
S38 454653111283401 Spring Creek above Crowley Ditch, near Logan T,D SCD
S39 454653111284801 Crowley Ditch above Spring Creek, near Logan C --
S40 454718111284701 Spring Creek below Crowley Ditch, near Logan T,D -
S41 454806111300701 Darlington Ditch tributary near Logan T DDS
S42 454847111294601 Darlington Ditch near Logan C --
S43 454852111294001 Rey Creek at Madison County road, near Logan T -
S44 455000111295901 Frances Walbert Ditch 1 near Three Forks C MFWD
S45 455011111295601 Frances Walbert Ditch 2 near Three Forks C MFWDB
S46 454952111291601 Rey Creek at Crowley Lane, near Logan T REYE
S47 454952111283301 Spring Creek diversion near Logan C --
S48 455017111273801 Sloan Ditch near Crowley Lane, near Logan (OR)) -
$49 455054111273801 Sloan Ditch drain 3 near Logan D --
S50 455044111273801 Sloan Ditch drain 2 near Logan D -
S51 455043111281601 Rey Creek drain near Logan D --
S52 455137111282201 Spring Creek at mouth, near Logan T,D -
S53 455134111284801 Rey Creek above Spring Creek, near Logan T REYC
S54 455330111274901 Unnamed ditch from Rey Creek near Logan C

S55 455342111290101 Rey Creek at frontage road, near Logan T,D

S56 455421111283001 Rey Creek above diversion, near Logan T,D REYB
S57 455438111290801 Rey Creek tributary near Logan T

S58 06042600 Madison River at Three Forks M --
S59 455359111304201 Unnamed ditch from Darlington Ditch near Three Forks C

S60 455435111305201 Darlington Ditch near Three Forks C MDDA

SOUTHERN PART OF THE TOWNSEND VALLEY

S61 460700111320701 Warm Springs Creek above Willow Swamp Creek, near Toston T,D WSCA
S62 460720111312601 Warm Springs Creek tributary near Toston C CWA
S63 06054500 Missouri River at Toston M -
S64 460748111305401 Warm Springs Creek tributary above Willow Swamp Creek, near Toston T.D CDB
S65 460814111294201 Warm Springs Creek tributary above Marsh Creek, near Toston T,D CDA
S66 460729111233101 Big Spring Creek near Toston T --
S67 460944111293301 Warm Springs Creek above Marsh Creek, near Toston T,D WSCB
S68 461026111274601 Broadwater-Missouri drain near Toston D BMDA
S69 461415111293701 Seep on westside of road on Stanfill property S MBSB
S70 461609111291201 Missouri River drain near Townsend D MBSA
S71 461704111303901 Montana Ditch at siphon at Deep Creek C MND
S72 461812111285701 Field drain pipe outlet on same drain D UM108-FD
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Table 1. Location of surface-water sites along the Madison and upper Missouri Rivers in Montana (Continued)

Bureau of
Site Station- ; Site Recla-
num- Identification Station name mation
ber number type desig-
nation?
SOUTHERN PART OF THE TOWNSEND VALLEY~Continued
S73 461823111290601 Drain on Bruce property near center section 4 D UM108-D
S74 461827111293301 Drain below UM108-D on same drain D UM104-D
S75 461908111293101 Townsend drain east near Townsend D TDA
S76 462016111302101 Townsend drain north at Townsend D TDB
HELENA VALLEY
S77 06062000 Prickly Pear Creek at East Helena T --
S78 463701111593401 Helena Valley Canal at Highway 280, near Helena C CHV
S79 463758111593301 Helena Valley diversion canal site 1 near Helena D HVPU
S80 463816111525601 Helena Valley Regulating Reservoir Outlet, near East Helena C --
S81 463846111585901 Helena Valley diversion canal site 2 near Helena D HVP
S82 464018112011301 Drain at Montana Avenue, by radio towers D HVSW
S83 463939111582801 Prickly Pear Creek above Tenmile Creek, near East Helena T --
S84 464047111595501 Helena Valley diversion canal 3 near Helena C,D HVS
S85 464124111595801 Silver Creek drain at Masonic Home Road, near East Helena D --
S86 464150111595601 Drain south of Lincoln Road near Masonic Home D HVFE
S87 464214111595601 Drain south of Lincoln Road near Masonic Home north D HVFF
S88 464031111564101 Helena Valley Field Drain site 2 near East Helena D HVFC
S89 464119111583901 Drain 3 near Masonic Home, near Helena C,D HVCS
S90 464137111584201 Helena Valley diversion canal 5 near Helena D HVFA
S91 464217111581901 Helena Valley drain above Lincoln Road, near Helena D HVFB
592 464042111543401 Helena Valley Field Drain 1 near East Helena D HVFD
S93 464045111564401 Helena Valley Field Drain 2 near East Helena D --
S94 464107111573701 Prickly Pear Creek at Lake Helena, near East Helena T -
895 464140111580901 Silver Creek diversion canal near East Helena C -
S96 464122111543501 Helena Valley Field Drain 1 at mouth, near East Helena C,D -
$97 464120111555001 Lake Helena (south) near East Helena L -
S98 464139111571201 Lake Helena (west) near East Helena L --
S99 464210111572401 Helena Valley drain above Lake Helena, near Helena D HVW
S100  464220111555001 Lake Helena (north) near East Helena L --
S101 464230111545001 End of Helena Valley Canal C HCE
S102 464155111544101 Lake Helena (east) near East Helena L
S103  464207111540201 Outlet of Lake Helena (Prickly Pear Creek) L LHO
MISSOURI RIVER BELOW HELENA VALLEY
S104 06109500 Missouri River at Virgelle M -

'Where the U.S. Geological Survey collected water-quality samples, station names for Bureau of Reclamation sites have been changed to

comply with standard U.S. Geological Survey station names.

2Mangelson and Brummer (1994).
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Tabie 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

[Constituents are reported as dissolved except as indicated. Significant figures for arsenic concentrations are those reported by the respective laboratories;
other concentrations are rounded according to standard USGS procedures. Site number described in text. Analyzing agency: MBMG, Montana Bureau of
Mines and Geology, Analytical Division, Butte, Mont.; USGS, U.S. Geological Survey, National Water Quality Laboratory, Arvada, Colo. Abbreviations:
ft3/s, cubic feet per second; °C, degrees Celsius; e, estimated; lab, laboratory; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25° C,
mg/L, milligrams per liter; mm, millimeter; permil, parts per thousand. Symbols: <, less than minimum reporting level; --, no data]

Dis- pH, Tem-

Stte  Ana- o e  charge, 3:’::"1"':‘: field  per  Oxygen, Calcium “adn®  gogium Potas:
num- lyzing date Instan- ance, field (stan-  ature, fleld (mg/L (mgiL (mg/L (mglL
ber agency taneous dard water {mg/L) as Ca) as Na)
sy 5™ o) o) as Mg) as K)
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY
S1 USGS 04-14-89 437 505 8.0 16.0 82 6.7 0.82 95 9.4
USGS 04-20-89 726 358 7.6 16.0 7.8 6.3 .98 64 7.7
USGS 05-17-89 975 262 7.6 14.5 8.4 52 .83 43 5.6
USGS 06-08-89 755 295 7.7 16.0 8.0 53 73 55 58
USGS 07-06-89 391 439 7.9 18.0 7.8 6.5 .80 80 83
USGS 08-04-89 369 472 7.9 16.0 82 6.7 72 87 9.8
USGS 10-11-89 383 490 - 13.0 - - -- - -
USGS 12-04-89 377 520 - 6.5 - - -- - -
USGS 03-06-90 369 545 - 9.5 - - - - --
USGS 05-01-90 526 405 - 14.0 - - - - -
USGS 06-12-90 672 326 - 14.0 - -~ -- - -
USGS 07-25-90 426 475 - 215 - - -- - --
USGS 08-24-90 399 480 8.5 19.5 8.0 6.8 78 91 9.3
USGS 08-25-90 391 485 8.1 145 7.6 7.1 .83 92 93
USGS 09-12-90 352 506 -- 19.5 - - - - -
USGS 10-23-90 406 514 - 10.5 - - -~ - -
USGS " 02-12-91 377 559 - 7.5 - - - - -
USGS 04-11-91 422 550 - 6.0 - -~ - - --
USGS 05-29-91 1,060 268 - 125 - - - - -
USGS 06-19-91 604 364 - 19.5 - - - - -
USGS 07-16-91 429 448 - 270 - - -- - -
USGS 08-21-91 391 460 - 17.5 - -- -- -- -
USGS 10-08-91 399 493 - 14.5 89 - - - --
USGS 11-19-91 421 502 - 6.0 10.0 - - - -
USGS 02-19-92 391 540 7.8 7.0 9.3 - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Carbo- Alka- Dis-
Blcar- Alka- Anti-
Site bonate, n?te, lll_'llty, linity, lab Sulfate Chloride Fluoride Silica solved mony
num- . field field (mg/L as (mg/L as (mg/L as solids,
field (mg/L as (mg/L as F) (ug/L as
ber (mg/L as (mgiL  (mgilLas " g ) S0,) ch Si0y) calcu- Sb)
Heo ) asCOy  CaCOy 3 lated
3 (mg/L)
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY
Sl - - - 113 21 64 82 - 274 -
- - - 79 19 40 5.0 - 192 -
- - - 59 13 28 35 - 135 -
- - - 72 11 33 4.5 - 159 --
- - - 108 14 53 6.7 - 235 -
- - - 115 13 59 6.7 - 253 -
128 6 116 117 18 63 7.5 99 366 18
142 0 117 116 18 62 74 98 366 15
- - - - - 64 - - - -
- - - - - 64 - - - -
- - - - - 70 - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Arsenic, Sedl- Sec:r’n:nt, Deuterlum/ Oxygen-18/
Site r;:t::_ Argenic  Boron Iron 'i':'t':' M::::' St::"o'::- ment,  pended hz‘::g:" ox:tg::::s
":;" erable a(:gl(ls-) (WIBI; as (ugFlI;)as (ng/Las (ug/Las (ug/L as p:::;d (pfei::m Isotope Isotope

(p,%IL as Li) Mn) Sr) (mg/L) than ratio ratio

s) 0.062 mm) (permii) (permii)
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY

s1 280 - 850 - - - - 25 79 - -
180 - 520 - - - -- 45 63 - -
150 - 400 - - - - 33 48 - -
160 - 440 ~ - - - 1 58 - -
300 - 670 - - - - 5 57 - -
300 - 740 - - - - 6 83 - -
290 - - - - - - -~ - - -
370 - - - - - - - - - -
360 -- - - - -- - -- - - -
200 -- - - - - -- - - - -
200 - -- -- - -- - - - - -
280 -~ - - - - - -~ - - -
—- 330 780 61 630 2 - 2 91 - -
- 310 770 67 620 2 - 2 92 -- -
290 -- - - - - - - - - -
240 -- - - -- - - - -- - -
280 - - - - - - - - - -
340 - - - - - - - - - -
120 - - - - - - - - - .
170 - - - - - - - - - -
260 - -~ - - - - - - - -
270 - - - - -~ - - - - -
320 - 800 - 640 - -- 5 48 - --
280 250 810 - 600 - - 7 92 - -
320 310 870 -- 670 -- - 11 92 - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Dis- H Tem-

S Anw o, o S fed g Omgen Cachm MM sodum P
num- iyzing Instan- ance, field (stan-  ature, fieid (mg/L (mgiL (mg/L (mgiL

ber agency taneous dard water (mg/L) as Ca) as Na)
(#3/s) (uS/cm) units) C) as Mg) as K)

MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY-Continued

S-1 USGS 04-07-92 406 463 8.0 10.5 10.2 - - - -
(Continued) USGS 05-20-92 623 361 8.3 20.5 8.1 - - - -
USGS 07-01-92 493 434 83 17.5 8.0 - - - -
USGS 08-19-92 355 500 8.5 23.0 7.1 - - - -
USGS 10-07-92 384 493 8.3 7.0 9.9 - - - -
USGS 11-16-92 377 521 8.3 1.5 9.8 -- - - -
USGS 01-05-93 369 529 8.2 5.0 103 - - - -
USGS 04-07-93 414 521 8.3 13.0 8.8 - - - -
USGS 05-18-93 1,630 174 7.5 13.0 8.7 -~ - - -
USGS 05-26-93 1,420 200 1.1 16.0 8.1 44 .69 33 4.1
USGS 06-08-93 1,160 251 7.6 135 84 -- - -- -
USGS 07-28-93 485 399 8.2 17.5 8.1 - -- - -
USGS 08-17-93 468 430 8.2 15.0 8.2 52 72 66 73
USGS 10-05-93 423 459 8.2 14.5 8.4 -- - - -~
USGS 11-30-93 417 470 84 6.0 9.8 -- - -- -
USGS 02-15-94 395 501 8.1 5.0 104 -- - - --
USGS 04-05-94 437 506 7.8 55 10.0 - - -- -
USGS 05-09-94 1,020 220 7.8 15.5 8.5 - -- -~ -
USGS 05-16-94 953 259 7.4 13.0 8.1 - - - --
USGS 06-02-94 765 326 7.7 15.5 8.6 - - - -
USGS 07-05-94 429 453 8.1 18.0 72 - - - -
USGS 08-22-94 377 497 8.2 19.0 74 - -- - -
USGS 10-13-94 408 498 82 105 9.0 - - - -
USGS 01-10-95 447 522 17 9.0 -- - - - -
USGS 04-05-95 531 497 8.0 13.0 9.7 -- -- - -
USGS 06-06-95 1,710 176 7.8 11.0 8.4 -- - - -
USGS 08-08-95 463 407 79 19.5 73 - - - -
S2 USGS 04-06-93 478 479 8.3 12.0 83 -- - - -
USGS 05-18-93 1,630 176 75 145 85 - -- - -
USGS 05-26-93 1,380 209 7.8 18.0 78 4.1 .66 36 4.7
USGS 08-17-93 544 401 8.1 155 84 6.5 .83 74 24
USGS 11-30-93 457 430 83 6.0 9.8 - - - -
USGS 02-15-94 440 463 8.1 5.0 104 -- -- - -
USGS 08-22-94 418 458 84 18.0 15 - -- - -
S3 USGS 10-12-89 1,000 270 - 11.0 - - - -- -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Carbo- Alka- Dis-
Site bi'::t';’ nate, linity, "n‘:‘t'y"":;b Suftate  Chioride . .. Siica  solved I:Z:V
num- field fieid field (mg/L as (mg/Las {(mg/L as (mg/L as F) (mg/Las  solids, (ug/L as
ber (mg/L  (mg/L as S0,) Cl) Si0y) caicu-
(mg/L as CaC0y) 4 Sb)
HCOg) as CO;) CaCOy) lated
(mgfL)
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY--Continued
S1 - - - - - 61 - -- -- -
(Continued) -- - - - - 46 - - - -
- - - - - 55 - - - -
- - - - - 64 - - - -
- - - - - 66 - - - -
- - - - - 66 - - - -
- -- - - - 70 - - - -
- - - - - 69 - - - -
- - - - - 27 - - - -
- - - 50 8.0 21 2.9 45 150 -
- - - - - 45 - - - -
- - - - - 44 - - - -
- - - 105 13 63 6.4 90 316 -
- - - - - 59 - - - -
- - - - - 64 - - - -
- - - - - 63 - - - -
- - - - - 25 - - - -
- - - - - 28 - - - -
- - - - - 37 - - - -
- - - - - 53 - - - -
- - - - - 60 - - - 13
- - - - - 64 - - - -
- - - - - 69 - - . -
- - - - - 64 - - - -
- - - - - 19 - - - -
- - - - - 47 - - - -
s2 - - - - - 62 - - - -
- - - - - 17 - - - -
- - - 53 8.1 22 32 47 158 -
- -- - 101 12 48 6.0 89 301 -
- - — — - 68 — - -— -
- - - - - 58 - - - -
- - - - - 53 - - - -
S3 - - -- - - - - - - -
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Tabie 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Arsenic, Sedle " ament, Deuterium/ Oxygen-18/
Site total Arsenlc  Boron Iron Lith- Manga- Stron- ment, pended hydrogen oxygen-16
num recov- gl (uglLas (gl as fum nese tium sus- (percent stable- stable-
ber erable as As) B) Fe) (ug/L as (ug/L as (ug/L as pended finer Isotope isotope
(png as Li) Mn) Sr) (mg/L) than ratio ratio
s) 0.062 mm) (permil)  (permil)
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY-Continued
S1 280 260 750 - 610 - - 9 88 - -
(Continued) 230 200 540 - 440 - - 8 60 - -
250 240 600 - 510 - - 9 74 - -
340 330 840 - 590 - - 2 71 - -
310 310 860 - 660 - - 4 76 -- -
330 310 930 - 700 - -- 4 85 - -
320 290 890 - 710 - - 28 92 -- -
310 280 870 - 660 - - 10 92 -- -
110 96 260 - 180 - - 52 70 -- -
120 110 290 -- 210 - - 28 72 - -
150 120 370 - 290 - - 14 77 - --
230 220 600 - 480 -- - 4 79 - -
260 200 640 - 430 - - 4 83 - -
280 260 710 - 590 -- - 3 90 - -
310 300 770 -- 640 - - 8 91 - -
310 300 830 - 690 -- - 11 88 - -
310 290 810 -- 670 - -- 12 83 - -~
130 120 330 - 280 - -- 35 81 - -
150 140 380 - 320 - - 28 48 -- -
200 190 560 - 420 - - 11 89 - -
270 270 680 - 600 - - 3 92 - --
360 340 760 - 620 - - 2 85 - -~
340 340 880 -- 670 - - 2 97 - -
370 330 860 - 700 - - 22 89 - -
340 320 810 - 690 - - 14 91 -- -
120 120 280 - 200 - - 46 63 -- -
270 270 570 - 540 - - -- - - -
S2 290 290 790 - 620 -- -- 23 50 - -
110 100 260 -- 190 - -- 50 64 - -
130 140 320 - 230 - -- 27 . 74 -- -
220 220 610 -- 490 - - 6 60 - -
290 290 710 - 560 - - 12 73 - -
300 260 660 -- 550 - -- 12 85 - -
300 290 630 - 560 -~ - 2 84 - -
S3 100 -- - - -- - - - - -- -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Dis- H, Tem-

Site Ana- Sample charge, ;p::‘::!: 1'l)eld per- Oxygen, Calcium “;g:‘e' Sodium PST:::'
num- lyzing date instan- ance, fleld (stan-  ature, field (mg/L (mg/L (mg/L (mg/L
ber agency taneous ; dard  water  (mg/L) as Ca) as Na) g

wys) B g (o) as Mg) asK)
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY~Continued

S3 USGS 12-06-89 744 294 - 25 - - - - -

(Continued) USGS 03-06-90 744 389 - 25 - - - - -
USGS 05-01-90 485 390 - 45 - - - - -
USGS 06-12-90 1,420 280 - 105 - - - - -
USGS 07-24-90 838 273 - 14.0 - - - - -
USGS 09-11-90 813 281 - 16.0 - - - - -
USGS 10-24-90 1,450 297 - 9.0 - - - - -
USGS 02-12-91 708 375 - 2.5 - - - - -
USGS 04-11-91 536 398 - 3.0 - - - - -
USGS 05-29-91 2,470 298 - 7.0 - - - - -
USGS 06-19-91 1,410 272 - 11.0 - -- - - -
USGS 07-15-91 819 266 - 14.0 - - - - -
USGS 08-20-91 939 258 - 17.0 - - -- - --
USGS 10-08-91 1,370 275 -- 13.0 9.1 - - - -
USGS 11-20-91 1,560 271 - 5.0 11.0 - - -- -
USGS 02-20-92 708 372 7.8 3.0 10.8 - - - -
USGS 04-07-92 708 350 82 3.0 11.2 - - -- -
USGS 05-19-92 664 281 8.2 11.5 8.8 - - - -
USGS 07-01-92 1,150 274 8.0 13.0 8.8 - - - -
USGS 08-18-92 1,090 275 8.2 16.0 8.0 - - - -
USGS 10-07-92 1,080 287 85 12.0 10.2 - - - -
USGS 11-17-92 1,580 292 8.0 4.0 10.6 - - - -
USGS 01-06-93 732 339 82 2.0 112 - - - -
USGS 04-06-93 840 392 8.1 30 11.1 - - - -
USGS 05-19-93 1,340 303 8.2 6.0 10.3 - - - -
USGS 05-26-93 3,180 283 80 85 9.7 11 23 42 4.7
USGS 06-09-93 2,450 241 79 85 9.6 - - - -
USGS 07-28-93 1,200 205 8.0 16.0 8.7 - - - -
USGS 08-17-93 1,010 210 79 15.5 8.4 11 22 28 1.2
USGS 10-05-93 978 228 8.0 12.5 9.9 - - - -
USGS 12-01-93 766 258 79 1.0 123 - - - -
USGS 02-16-94 776 333 8.1 2.0 10.8 - - - -
USGS 04-05-94 656 345 8.2 25 10.8 - - - -
USGS 05-09-94 715 299 82 5.5 10.8 - - - -
USGS 05-16-94 732 285 8.0 6.5 10.0 - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Carbo- Alka- Dis-
Bicar- Alka- Anti-
Site bonate, nate, linity, finity, lab Sulfate Chioride Fluoride Sllica solved mony
num- f field field (mg/lLas (mg/L as (mg/L as solids,
field (mg/L as (mg/Las F) (ug/L as
ber (mg/L as (mg/L (mg/las CaCOy) $0,) (o)) SI0,) calcu- 55)
HCO;) as CO;3) CaCO;) 3 lated
(mg/L)
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY-Continued
S3 - - - - - - - - - -
(Continued) - -- - -- - - - - - -
- - - - - 27 - - - -
- - - - - 28 - - - -
- - - - - 40 - - - -
- - - - - 42 - - - -
- - - - - 28 - - - -
- - - .- - 26 - - - -
-— - - — - 29 - - - -
- - - - - 28 - - - -
- - - - - 21 - - - -
- - - - - 30 - - - -
- - - - - 45 - - - -
- - - - - 29 - - - -
- - - 81 9.3 23 37 49 194 -
- - - - - 24 - - - -
- - - 66 7.6 17 2.6 38 148 -
- - - - - 32 - - - -
- - - - - 36 - - - -
- - - - - 26 - - - -
- - - - — 25 - - - -
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Table 2. Water-quallity data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Arsenic, Sedi- Se:lur:?nt, Deuterium/ Oxygen-18/
Site total 4 cenic  Boron fron Lith-  Manga- Ston- pended NYdrogen oxygen-16
num- ::::;’e. (oL (uglLas (ug/Las ium nese tium su s-’ (percent stable- stable-
ber as As) B) Fe) (ng/Las (ug/Las (ug/L as pended finer Isotope isotope
(ng/L as Li) Mn) Sr) ratio ratio
As) (mgl)  than — omil)  (permil)
0.062 mm)
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY--Continued
S3 140 - - - - - - - - - -
(Continued) 180 -- - - - -- -- -- - - -
170 - - - - - - - - - -
110 - - - - - - - - - -
230 - - - - - - - - - -
140 - - - - - - - - - -
160 - - - - - - - - - -
190 - - - - - - - - - -
110 - - - -- - - - - - -
9 - - - - - - - - - -
100 - - - - - - - - - -
120 - - - - - - - - - -
130 130 340 - 270 - - 2 64 - -
120 120 370 - 290 - - 2 75 - -
200 190 510 - 400 - - 2 77 - -
170 180 510 - 390 - - 3 61 - -
120 110 310 -- 270 - - 12 12 - -
120 120 330 -- 260 - - 4 49 - -
130 130 340 - 240 - - 1 50 - -
130 130 360 - 290 - - 3 56 - -
140 130 290 - 300 -- -- 2 67 - -
160 150 420 - 370 - -- 1 63 - --
180 180 560 - 450 - -- 1 71 - -
130 120 380 - 280 - - 2 84 - --
120 120 360 - 270 - - 10 60 - -
99 97 300 - 240 -- - 2 90 - --
78 71 220 - 170 - -- 2 90 -- --
86 90 210 - 180 -- - 1 68 - -
99 96 220 - 200 - -- 2 93 - -
110 110 270 - 250 - -- 1 92 -- -
140 150 450 - 370 - - 1 89 - -
170 170 500 - 390 - - 1 86 - -
120 120 350 - 290 - - 2 64 -- -
110 110 330 - 280 -- - 2 70 -- -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Dis- Specific Pt Tom- Magne- Potas-
Site Ana- Sample charge, conduct- field per- Oxygen, Calcium :I?:m Sodium sium
num- lyzing date Instan- ance, field (stan-  ature, field (mg/L (mglL (mg/L (mg/L
ber agency taneous ( s;c m) dard water (mgiL) as Ca) as Mg) as Na) a ng)
ws) W units)  (°C) 9
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY-Continued
S3 USGS 06-02-94 1,200 255 8.1 10.5 9.3 - - - -
(Continued) USGS 07-06-94 732 242 8.0 13.5 8.4 - - -- -
USGS 08-23-94 918 252 83 17.0 7.8 - - - -
USGS 10-13-94 1,200 279 8.4 12.5 9.5 - - - -
USGS 01-11-95 723 360 8.0 30 10.8 -- - - -
USGS 04-04-95 1,170 358 8.0 3.0 - - - - -
USGS 06-06-95 2,530 194 78 12.0 8.7 -- -- - -
USGS 08-09-95 1,080 192 17 160 85 - - - -
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY
S8 USGS 04-08-93 1,150 354 8.5 3.5 11.7 -- - - --
USGS 05-19-93 3,070 254 8.2 12.0 9.5 - - - -
USGS 05-27-93 5,320 234 82 10.0 9.4 16 3.8 25 33
USGS 08-18-93 1,550 213 82 13.0 8.7 16 39 20 3.1
USGS 12-01-93 1,260 254 83 0 130 - - - -
USGS 02-16-94 1,030 307 83 1.0 12.1 - - - -
USGS 05-17-94 1,850 233 8.1 6.5 10.2 - - - -
USGS 06-08-94 1,780 227 8.2 13.0 10.1 -- - - -
USGS 08-23-94 970 258 85 17.0 8.6 - - - -
USGS 10-17-94 1,500 266 8.1 1.5 10.2 - - - -
USGS 01-11-95 1,030 314 8.3 35 11.4 - - - -
USGS 04-05-95 1,480 344 8.3 7.0 10.6 - - - -
USGS 06-07-95 4,880 195 8.0 8.5 10.0 - - - -
USGS 08-09-95 1,630 202 8.5 17.5 8.5 - - - -
S24 USGS 10-12-89 1,560 301 - 10.5 - - -- - -
USGS 12-06-89 1,480 309 - 1.5 - - - - -
USGS 03-06-90 1,470 344 - 25 - - - - -
USGS 04-30-90 1,260 328 - 15 - - - - -
USGS 06-13-90 2,960 255 - 14.0 - - - - -
USGS 07-24-90 1,140 258 - 19.0 - - - - -
USGS J9-11-90 1,280 300 - 18.5 - - - - -
USGS 10-24-90 1,920 305 - 4.5 - - - - -
USGS 02-11-91 1,320 348 - 25 - - -- - -
USGS 04-12-91 1,060 321 - 20 - - - - -
USGS 05-28-91 3,640 306 - 11.5 - - - - -
USGS 06-19-91 2,870 236 - 14.5 - - - - -
USGS 07-15-91 1,490 259 - 20.5 - - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Carbo- Alka- Alka- Dis- Antl-
Site bonate, nate, . linity, iintty, lab Sulfate  Chloride Fluoride Sliica solved mony
num- fleld fleld fleid (mg/L as (mg/Las (mg/L as (mg/L as F) (mg/L as sollds, (ug/L as
ber (mglLas (MIL (molLas o e ) S0,) ci) SI0,) calcu- H
HCO,) as CO;) CaCOj) lated
3 (mgiL)

Blcar-

MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY--Continued

S3 - - - - - 23 - - - -

(Continued) - - - - - 21 - - - -
- - - -- - 22 - - - 8
- - - - - 25 - - - -
- - - - - 36 - - - -
- - - - - 38 - - - -
- - - - - 16 - - - -
- - - - - 14 - - - -

NORTHERN PART OF THE UPPER MADISON RIVER VALLEY

S8 - - - - - 32 - - - -
- - - - - 18 - - - -
-- - -- 81 8.8 15 20 31 154 -
- - - 78 10 11 1.7 28 141 -
- - - - - 2 - - . -
- - - - - 14 - - - -
- - - - - 15 - - - -
- - - - - 17 - - - 5
- - - - - 21 - - - -
- - - - - 25 - - - -
- - - - - 30 - - - -
- -~ - - - 9.8 - - - -
- - - - - 9.6 - - - -

S24 - - - - - - -- - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Arsenic, Sedi- Seglun:nt, Deuterium/ Oxygen-18/
Site total Arsenic  Boron iron Lith- Manga- Stron- ment, pended hydrogen oxygen-16
num- ::::: (ng/L  (ug/Las (ug/L as lum nese tium sus- (percent stable- stable-
ber as As) B) Fe) (ng/Las (ug/lLas (ug/L as pended finer Isotope  Isotope
(ug/L as Li) Mn) Sr) (mg/L) than ratio ratio
As) 0.062 mm) (permll)  (permil)
MADISON RIVER ABOVE UPPER MADISON RIVER VALLEY-Continued
S3 110 110 320 -- 260 -- - 1 88 - -
(Continued) 110 100 270 -- 240 - -- 1 78 - -
130 110 290 - 270 - - 1 76 - -
150 140 360 - 280 - - 2 72 - -
190 180 480 - 410 - - 1 85 - -
200 180 500 - 440 - - 1 90 - -
84 85 230 - 180 - - 3 78 - -
89 79 190 - 180 - - - - - -
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY
S8 150 140 440 - 350 - - 4 75 - -
78 78 240 - 170 - - 94 73 - -
66 69 210 - 160 - -- 322 51 - -
56 51 130 - 120 - - 3 83 - --
84 86 200 - 190 - - 4 71 - -
110 110 320 - 270 - - 4 67 - -
57 58 190 -- 140 - - 16 84 - -
59 64 190 - 150 - - 8 72 - -
98 99 210 - 180 - - 2 94 - -
120 110 310 - 220 - - 3 79 - -
140 110 330 -- 290 -- - 3 81 - -
160 150 390 - 350 - -- 4 77 - -
51 46 140 - 110 - - 141 56 - -
48 46 130 - 120 - - 6 75 - -
S24 67 - - - - - - - - - -
68 - - - - - - - - -- -
120 - - - - - - - - - -
70 - -- - - - - - - - -
64 - - - - - - - - - -
76 - - - - - - - - - -
62 - - - - - - - - - -
54 - -- - - -- - - - - -
57 - - - - - - - - - -
63 - -- - - - - - - - -
81 - -- - - - - - - - -
35 - - - - - - - - - -
70 - -- - - - - -- - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Dis- pH Tem-
fl )

Site Ana- Sample charge, :,p::& :: field per- Oxygen, Calcium M:lﬂ:‘& Sodium Psc;ta':-
num- lyzing date instan- ance. field (stan-  ature, field (mg/L (mgiL (mg/L (mu L
ber agency taneous ( s;cm) dard water (mg/L) as Ca) a sgﬂg as Na) a gK

ths) units)  (°C) ) s K)
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY-Continued

S24 USGS 08-19-91 1,140 278 - 21.5 - - - - -

(Continued) USGS 10-08-91 1,970 281 - 11.5 9.2 - - -- -
USGS 11-18-91 2,150 288 - 2.0 122 - - - -
USGS 02-18-92 1,190 337 8.4 25 11.6 - - -- -
USGS 04-06-92 1,180 342 85 10.0 9.7 - - - -
USGS 05-19-92 1,370 285 8.4 15.0 8.5 - - - -
USGS 06-30-92 1,480 245 8.9 19.5 7.5 - - - -
USGS 08-20-92 1,190 285 9.0 21.0 7.8 - - - -
USGS 10-08-92 1,600 297 8.5 8.0 93 - - -- -
USGS 11-17-92 2,770 299 8.5 20 122 - - - -
USGS 01-07-93 1,120 349 7.8 .0 10.8 - - -- -
USGS 04-06-93 1,210 303 83 4.0 11.8 - - - -
USGS 05-20-93 3,780 290 83 150 8.5 - - - -
USGS 05-28-93 6,290 239 82 13.0 82 20 4.8 23 3.1
USGS 06-09-93 4,860 230 83 12.0 9.6 - - - -
USGS 07-27-93 2,330 225 84 15.0 83 - - - -
USGS 08-18-93 1,830 237 83 17.5 85 22 5.5 19 -
USGS 10-06-93 1,560 286 8.1 13.0 9.5 - - - -
USGS 12-02-93 1,740 290 8.0 5 12.7 - - - -
USGS 02-17-94 1,430 354 8.2 2.0 11.3 - - - -
USGS 04-06-94 1,250 319 87 6.0 10.4 - - - -
USGS 05-10-94 1,790 319 8.4 14.0 9.5 - -- -- -
USGS 05-17-94 2,090 275 83 13.0 95 - - - -
USGS 06-09-94 2,120 245 82 15.0 8.1 - - - -
USGS 07-07-94 1,110 258 8.5 16.5 84 - -- - -
USGS 08-24-94 1,120 285 88 19.0 6.6 - - - -
USGS 10-17-94 el,870 286 82 6.0 10.5 - - -- -
USGS 01-12-95 1,170 365 8.1 1.0 11.2 - - -- -
USGS 04-06-95 1,460 347 8.4 7.0 103 - - - -
USGS 06-08-95 6,150 207 7.8 9.0 9.9 - - - -
USGS 08-10-95 1,740 214 82 18.5 7.8 - - - -
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Table 2. Water-quality data for selected surtace-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Carbo- Alka- Alka- Dis-
nate, finity, Sulfate Chioride Sllica solved
field field field '('::tyl’_':g (mg/Las (mg/L as (r:h;tl::eF) (mg/Las  solids,
(mgL (mglLas M9 S0,) cl) 9 SI0,) calcu-

(mg/L as as CO. CaCoO;)
3) CaCOg) lated
HCOs) (mo/L)

Antl-
mony
(ng/L as
Sb)

. Bicar-
Site
num- bonate,
ber

NORTHERN PART OF THE UPPER MADISON RIVER VALLEY-Continued

S24 - - - - - - - - - -
(Continued) - - - - - 18 - - - -

- - - - - 21 - - - -
- - - - - 23 - - - -
- - - - - 28 - - - -
- - - - - 19 - - - -
- - - - - 14 - - - -

- - - - - 20 - - - -

- - - - - 18 - - - -
- - - - - 21 - - - -
- - - - - 2 - - - -
- - - - - 29 - - - -
- - - - - 19 - - - -
- - - 88 9.8 12 1.7 27 155 --
- - - - - 14 - - - -
- - - - - 13 - - - -

- - - 94 1 9.5 14 23 -~ -

- - - - - 21 - - - -
- - - - - 21 - - - -
- - - - - 2 - - - -
- - - - - 20 - - - -
- - - - - 16 - - - -
- - - - - 14 - - - -
- - - - - 13 - - - -

- - - - - 17 - - - 5

- - - - - 19 - - - -
- - - - - 25 - -- - -
- - - - - 26 - - - -
- - - - - 9.4 - - - -
- - - - - 75 - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Arsenic, Sedi- Segl::nt, Deuterium/ Oxygen-18/
Site totai Arsenic  Boron iron Lith- Manga- Stron- ment, pended hydrogen oxygen-16
num- recov- o (ug/Las (ug/L as lum nese tium sus- (percent stabie- stable-
ber erable as As) B) Fe) (ug/L as (ug/Las (ug/L as pended finer Isotope Isotope
(qu/:)ﬂs Li) Mn) Sr) (ma/L) than ratio ratio
0.062 mm) (permil) (permit)
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY-Continued
$24 88 - - - - - - - - - -
(Continued) 76 80 240 - 180 - - 5 88 - -
85 90 260 - 200 - - 7 56 - -
87 88 280 -- 220 - - 2 73 - -
110 120 340 - 260 - - 5 88 - -
73 69 200 - 160 - - 8 92 - -
50 51 130 - 90 - - 9 78 -- -
95 92 230 - 160 - - 9 81 - -
84 82 250 - 190 - - 6 91 - -
100 89 280 - 220 -- - 9 36 -- -
90 75 280 - 220 - - 3 91 - -
74 68 240 - 190 - - 7 99 - --
87 79 240 - 190 - - 15 91 - . -
59 8 160 -- 140 - - 27 86 - -
58 57 190 - 140 - - 22 98 - -
48 47 140 - 110 - - 9 94 - -
56 50 110 - 98 - - 7 91 - -
54 56 140 - 130 - - 5 98 - -
90 91 270 - 220 - - 3 97 - -
86 82 280 - 240 - - 2 97 - -
83 78 270 - 210 - - 11 96 - -
79 71 250 - 200 - - 13 90 - -
75 72 210 - 160 - -- 15 94 - -
65 69 180 - 140 - - 10 88 - -
100 99 160 - 150 - - 9 98 - -
94 94 220 - 170 - - 20 99 - -
88 85 260 - 200 - - 11 98 - -
110 99 310 - 270 - - 4 75 - -
120 110 320 - 270 - - 14 98 - -
52 51 140 - 120 - - 53 97 - -
45 42 90 - 90 - - 7 94 - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Dis- " H Tem-
Stte Ana- o mple Sharge, cs::::,ﬂcf_ f?el::l per-  Oxygen, Caiclum M;g:‘e- Sodium ':::":"
num- lyzing date instan- ance, field (stan-  ature, field (mg/L (mglL {mg/L (mg/L
ber agency taneous ’ dard water (mg/L) as Ca) as Na)
m¥s)  BSCM ke 0) as Mg) as K)
LOWER MADISON RIVER VALLEY
S26 USGS 04-08-93 1,210 303 8.7 10.0 10.8 - - - -
USGS 05-20-93 3,800 288 85 16.0 9.1 - - - -
USGS 05-28-93 6,300 240 8.2 140 89 19 4.6 23 3.1
USGS 06-09-93 4,700 229 83 13.0 93 - - - -
USGS 07-27-93 2,350 226 8.7 17.5 9.6 - - - -
USGS 08-19-93 1,800 234 8.7 185 92 21 53 17 2.7
USGS 10-06-93 1,550 263 9.0 15.0 11.8 - - - -
USGS 12-02-93 1,750 291 82 5 13.8 - - - -
USGS 02-17-94 1,450 355 8.5 35 11.8 - - - -
USGS 04-06-94 1,250 320 89 7.0 11.0 - - - -
USGS 05-10-94 1,800 310 8.6 17.0 9.4 - - - -
USGS 05-17-94 2,100 272 85 150 73 - -- - -
USGS 06-09-94 2,100 245 8.5 17.0 9.6 - - - -
USGS 07-07-94 1,100 257 8.9 225 12.2 - - - -
USGS 08-24-94 1,150 286 89 21.0 9.6 18 47 27 3.5
USGS 10-17-94 1,850 280 8.7 70 11.4 - - - -
USGS 01-12-95 1,190 369 84 20 124 - - - -
USGS 04-06-95 1,450 340 8.6 9.0 11.0 20 55 41 4.7
USGS 06-08-95 6,200 206 8.0 70 9.7 - - - -
USGS 08-10-95 1,750 212 8.9 215 10.0 - - - -
S35 MBMG  08-31-93 - 2,130 85 320 - 25 1.0 420 16
S36 MBMG  (9-09-93 19 260 8.8 16.0 - 25 6.4 21 33
$37 MBMG  09-10-93 10 493 8.2 10.0 - 58 15 29 57
MBMG  03-30-94 1.3 420 85 175 - 47 12 25 5.7
S38 MBMG  03-30-94 2.8 625 8.1 155 - 54 16 60 7.9
S41 MBMG  03-30-94 37 429 8.8 18.0 - 44 12 31 5.4
S43 MBMG  09-10-93 3.9 452 84 16.0 - 51 14 28 55
MBMG  03-30-94 34 443 8.0 7.0 - 50 13 27 54
S48 MBMG  03-13-95 .90 685 85 55 - 55 20 62 12
S49 MBMG  03-13-95 07 1,500 8.0 15 - 140 41 130 26
S50 MBMG  03-13-95 09 970 8.0 9.0 - 73 27 89 21
S51 MBMG  03-13-95 .05 1,470 83 3.5 - 70 43 200 28
$52 MBMG  09-10-93 9.9 574 8.6 18.0 - 61 17 46 85
MBMG  03-30-94 14 1,030 84 9.0 - 89 26 86 19
MBMG  03-13-95 1.8 945 83 55 - 81 26 85 18
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(gble 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
ntinued)

Carbo- Aika- Dis-

Site bi‘::t:, nate, linity, lln‘l\tlyk‘:.ab Sulfate  Chloride . .. Sillca solved Antl-
nbl;m- field field fild e (MOLas  (mgLas oo TS (mglas  solids, ';j’i‘zs
r (mglLas (ML (molas ‘oo $04) c) Si0,) caicu- H Sb)
HCO,) as CO;) CaCOj) lated
(mg/L)
LOWER MADISON RIVER VALLEY

26 - - - - - 21 - - - -

- - - - - 20 - - - -

- - - 87 8.6 12 1.6 25 149 -

- - - - - 14 - - - -

- - - 93 12 9.5 14 23 148 -

— - - - - 13 - - - -

- - - - - 21 - - - -

- - - - - 2 - - - -

- - - - - 21 - - - -

- - - - - 19 - - - -

- - - - - 15 - - - -

- - - - - 13 - - - -

- - - - - 13 - - - -
- - - 98 13 16 26 36 180 6

- - - - - 19 - - - -

- - - - - 26 . - - -

- - - 113 15 2% 32 ) 24 -

_— _— - — - 10 — - - -

- - - - - 7.3 - - - -
$35 111 9 106 ~ 510 260 7.9 80 1,390 <2
S36 - - - 103 14 12 1.9 25 171 <
37 - - - 228 17 18 2.0 a2 32 <
- - - 178 18 15 1.6 35 296 3
s38 - - - 253 34 35 20 p) 407 <
s41 - - - 180 23 20 17 35 281 <
43 - - - 201 20 17 17 39 366 <
- - - 197 19 17 1.6 37 291 2

S48 - - - 274 45 30 2.8 47 439 -

$49 - - - 325 300 130 32 59 1,020 -

S50 - - - 317 100 60 3.1 58 625 -

s51 - - - 440 250 70 58 61 990 -
s52 - - - 245 35 27 2.1 43 473 <
- - - 306 160 54 22 56 680 <2

- - - 285 150 50 2.5 57 642 -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Arsenic, Sedi- Se:I::nt, Deuterium/ Oxygen-18/
Site total Arsenic  Boron Iron Lith- Manga- Stron- ment, pended hydrogen oxygen-16
num- ;er:g;: (ng/L  (ug/Las (ug/L as ( 'l‘;:‘ nese tium sus- (percent stable- stable-
ber as As) B) Fe) ng/Las (ug/Las (ug/L as pended finer isotope isotope
(pgA/:)as Li) Mn) Sr) (mg/L) than ratio ratio
0.062 mm) (permil) (permil)
LOWER MADISON RIVER VALLEY
S26 74 76 250 - 200 - - 7 98 - -
84 84 260 - 190 - - 17 96 - -
59 62 170 - 140 - - 28 91 - -
59 51 180 - 140 - - 24 95 - -
49 51 130 - 100 - - 9 96 -136.0 -17.92
48 48 130 - 89 - - 8 94 -1340 -17.65
57 57 120 - 120 - - 5 86 - -
89 89 270 - 220 - - 3 97 - -
86 82 270 - 230 - - 4 88 - -
82 83 270 - 210 - - 11 96 - -
75 76 260 - 190 - - 14 9% - -
72 70 190 - 170 - - 18 95 - -
69 68 170 - 140 - - 10 91 - -
99 100 150 - 140 - - 7 95 - -
98 93 220 - 150 - - 14 96 - -
88 85 260 -- 200 - - 11 93 - -
100 98 310 -- 250 -- - 3 90 - -
120 9% 320 - 250 - - 13 95 -138.0 -17.66
46 42 140 -- 120 -- - 45 97 - -
46 42 90 - 80 - - 6 97 - -
S35 - 4.0 2,200 <3 350 4 940 - - - -
S36 - 47.6 140 20 110 4 99 - - -135.0 -17.39
§37 - 445 160 13 160 10 200 - -- - -
- 46.1 150 24 130 21 160 - - -134.0 -17.26
S38 - 63.4 340 16 170 19 230 - - -133.0 -17.30
S41 - 524 160 5 170 2 160 - - -135.0 -17.18
$43 - 46.0 160 <3 150 <2 170 - -- - -
- 43.3 150 <3 160 <2 170 - - -135.0 -17.36
S48 - 113 460 23 240 27 310 - - - -
S49 - 96.5 950 8 350 86 820 - - - -
S50 - 114 750 <3 270 16 500 - - - -
S51 - 321 1,400 71 560 62 480 - - - -
$52 - 61.0 290 6 180 17 250 - - - -
- 94.8 610 27 240 110 570 - - -138.0 -17.52
-~ 106 680 22 240 91 530 - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Dis- H, Tem-
Site Ana- Sample charge, ;’:::&2: f?eld per- Oxygen, Calclum M:lﬂ':' Sodium F:;:::'
num- lyzing date Instan- ance. field (stan-  ature, field (mg/L (mg/L (mg/L (mg/L
ber agency taneous ’ dard water (mg/L) as Ca) as Na)
g SCM  he)  (0) as Mg) asK)
LOWER MADISON RIVER VALLEY—Continued
856 MBMG  09-09-93 28 502 8.7 18.0 - 48 15 40 72
S58 USGS 08-15-90 1,120 287 9.0 - - 17 5.7 27 3.7
USGS 08-16-90 1,030 297 84 - -- 17 6.2 27 3.7
USGS 04-08-93 1,200 309 8.6 9.0 10.6 - - - -
USGS 05-20-93 3,590 274 84 18.0 8.6 - - - -
USGS 05-28-93 5,650 235 8.2 14.0 8.9 20 4.8 21 3.1
USGS 06-10-93 4210 231 8.1 13.0 83 - - - --
USGS 07-27-93 2,540 233 8.6 20.0 8.3 - - -- -
USGS 08-19-93 1,700 239 8.8 215 10.0 21 53 18 27
USGS 10-07-93 1,450 291 7.2 11.0 8.0 - - - -
USGS 12-02-93 1,800 290 83 5 14.2 - - - -
USGS 02-18-94 1,500 339 8.3 1.0 122 - - - -
USGS 04-07-94 1,250 316 84 5.5 10.1 - - - -
USGS 05-11-94 2,000 304 8.2 13.5 8.8 - - - -
USGS 05-18-94 2,050 270 8.0 105 9.2 - - - -
USGS 06-10-94 2,100 247 8.1 12.0 8.4 - - - -
USGS 07-08-94 1,050 257 8.2 16.5 73 - - - -
USGS 08-25-94 960 296 79 16.0 7.6 20 53 28 3.6
USGS 10-18-94 1,950 283 79 6.0 102 - - - -
USGS 01-13-95 1,220 363 8.2 1.0 12.5 - - - -
USGS 04-07-95 1,640 340 79 7.0 93 - - - -
USGS 06-09-95 5,450 207 8.0 8.5 9.8 - - - -
USGS 08-11-95 1,630 224 8.0 17.0 72 - -- - -
S60 MBMG  09-09-93 35 315 9.2 21.0 - 29 8.8 27 43
SOUTHERN PART OF THE TOWNSEND VALLEY
S63 USGS 12-14-88 4,100 413 8.2 1.0 13.8 39 12 27 40
USGS 03-07-89 3,070 435 8.1 5 12.9 45 13 26 4.0
USGS 06-14-89 5,680 246 8.1 18.0 8.4 28 73 13 26
USGS 09-13-89 2,550 382 8.5 12.0 9.8 38 12 25 42
USGS 10-12-89 3,260 - - 11.5 - - - - -
USGS 11-02-89 4,440 380 8.4 30 12.2 40 12 24 39
USGS 12-07-89 3,850 393 - 20 - - - - -
USGS 03-06-90 3,480 395 - 25 - - - - -
USGS 03-07-90 3,450 382 83 4.0 12.0 38 11 24 35
USGS 04-30-90 5,210 281 - 6.5 - - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Carbo- Aika- Dis-
site Bl nae, uniy, A% suitate  chioride Siica  solved  Ant-
bonate, . linity, iab Fiuoride mony
num- N field fieid (mg/Las (mg/L as (mg/L as solids,
field (mg/L as (mg/L as F) (ug/L as
ber (mg/L as (mglL  (mg/Las CaC0,) S0;) Ci) Si0y,) calcu- Sb)
HCOy CO;) CaCO,) 3 lated
s (mg/L)
LOWER MADISON RIVER VALLEY-Continued
S56 - - - 189 28 21 20 39 383 <2
S58 98 11 99 102 14 15 23 30 174 6
123 3 107 108 14 15 24 30 179 5
- - - -- - 19 - -- - -
- - - - - 18 - - - -
- - - 89 11 12 1.6 27 154 -
- - - - -— 13 - - - -
- -- - - - 9.2 - - - -
- - - 92 12 9.7 1.5 22 148 -
- - - - - 25 - - - -
- - - - - 21 - -- -- -
- - - - - 20 - - - -
- - - - - 18 - - - --
- -- - - - 15 - - - -
- - - - - 13 - - - -
- - - - - 13 — . - -
- - - 103 12 17 2.5 33 184 4
- - - - - 18 - - - -
- - - - - 25 - - - -
- - - - - 24 - - - -
- - - - - 10 - - - -
- - - - - 7.7 - - - -
S60 - - - 99 17 12 1.8 31 189 <2
SOUTHERN PART OF THE TOWNSEND VALLEY
S63 176 0 145 145 41 16 1.5 29 258 -
181 0 148 153 44 14 14 29 268 -
115 0 95 97 18 6.2 7 19 152 -
156 6 138 144 36 13 1.4 25 238 -
163 5 141 142 38 12 13 26 243 -
152 7 136 136 39 12 1.4 26 238 -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Arsenic, Sedi- se‘;':;?m’ Deuterium/ Oxygen-18/
Site r::t:\ll- Arsenic  Boron Iron %::':' M::::‘ St:::::- ment,  pended hgg:?: n ox;ytgglr;w
nbueT. erable ;:9‘/\:) (WIB'; as (WFI:)” (ng/Las (ng/Las (ug/Las p:::.ed (pﬁ:‘:m Isotope isotope
(qu/I; as Li) Mn) Sr) (mg/L) than ratio ratio
) 0.062 mm) (permil) (permil)
LOWER MADISON RIVER VALLEY-Continued

S56 - 62.4 240 8 170 5 210 - - - -
S58 - 81 200 13 150 5 - 6 80 - -
- 79 210 11 150 7 - 6 81 - -
70 64 240 - 200 - - 12 67 - -
84 84 240 - 180 - - 42 74 - -
57 53 160 - 120 - - 78 61 - -
57 48 170 - 140 - - 46 60 - -
45 42 130 - 90 - - 22 76 - -

54 49 130 - 97 - - 9 86 -133.0 -17.42
51 52 140 - 120 - - 11 66 - -
82 81 250 - 210 - - 129 14 -- -
84 75 270 - 230 - - 64 38 - -
80 72 250 -- 210 - - 15 89 - -
77 69 240 - 190 - - 51 72 - -
68 67 210 - 170 - - 25 79 - -
66 65 180 - 140 - - 14 87 - -
92 90 160 - 140 - - 10 85 - -

95 95 230 - 160 - - 22 50 -133.0 -16.82
80 81 260 - 190 -- -- 19 75 - -
100 90 310 - 240 - - 5 96 - -
110 100 320 - 270 - - 25 90 - -
45 42 130 - 110 - - 65 73 - -
44 41 110 - 90 - - 13 85 - -
860 - 579 170 15 140 7 120 - - - -

SOUTHERN PART OF THE TOWNSEND VALLEY

S63 - 40 - 21 110 7 220 34 79 - -
- 31 - 27 99 9 250 43 63 - -
- 19 - 37 45 9 150 15 84 - -
- 45 - 15 96 12 230 6 93 - -
31 - - - - - - - - - -
30 30 - 10 93 7 230 6 94 - -
40 - -— — _— -_— - - - - -
36 -- - - -- -- - - - - --
38 36 - 18 96 14 220 7 95 - -
19 - - - - - - - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Dis- ) H Tem-
Site Ana- Sample charge, ;p::;::f_ f‘i,ek’:l per- Oxygen, Caicium M;g:‘e- Sodium ':TS::"
num- lyzing date Instan- ance. field (stan-  ature, field (mg/L ma/L (mg/L
ber agency taneous : dard water (mg/L) as Ca) (mg as Na) (mg/L
e SeM s ) as Mg) as K)
SOUTHERN PART OF THE TOWNSEND VALLEY--Continued

S63 USGS 06-06-90 5910 261 8.1 15.0 84 29 7.8 14 24

(Continued) USGS 06-14-90 8,580 254 - 11.5 -- - - - -
USGS 07-23-90 1,420 337 - 220 - - -- - -
USGS 08-01-90 2,050 350 8.6 21.0 8.1 36 1 20 4.0
USGS 09-10-90 2,640 404 -- 18.5 - - - - -
USGS 10-22-90 3,700 392 - 5.5 - - - - -
USGS 11-28-90 3,590 378 84 .0 12.8 37 i1 25 4.0
USGS 02-11-91 3,240 411 - .0 - - - - -
USGS 03-07-91 2,780 400 8.2 1.0 13.5 42 13 24 3.8
USGS 04-12-91 3270 358 -- 4.0 - - - - -
USGS 05-31-91 1,1000 247 -- 13.0 - - - - -
USGS 06-12-91 1,8800 213 82 14.5 9.4 24 6.0 1 2.6
USGS 06-19-91 9,850 233 - 15.5 -- - - -- -
USGS 07-15-91 2,700 334 - 20.0 - - - - -
USGS 08-19-91 1,170 340 - 17.5 - - - - -
USGS 08-20-91 1,120 342 8.7 220 9.2 31 9.7 24 4.0
USGS 09-02-91 1,490 345 8.8 19.5 8.1 32 10 25 39
USGS 10-07-91 3410 385 - 11.0 10.1 - - -- -
USGS 11-06-91 4,880 423 82 .0 11.5 42 13 26 43
USGS 11-21-91 5,010 374 - 3.0 13.4 - - - -
USGS 02-20-92 2,890 401 84 3.0 11.6 - - -- -
USGS 03-18-92 3,320 372 82 8.0 10.6 39 12 22 43
USGS 04-06-92 3,660 341 85 10.0 10.0 - - - -
USGS 05-18-92 2,400 316 8.5 18.0 9.5 - - - -
USGS 06-29-92 3,240 314 85 19.5 7.7 36 10 15 2.8
USGS 08-12-92 1,080 335 8.8 20.5 10.0 31 10 23 3.8
USGS 10-05-92 3,200 386 8.4 11.5 9.3 - -- -- -
USGS 11-09-92 4,200 383 85 4.5 11.8 36 11 25 42
USGS 01-04-93 2,650 424 8.2 .0 12.3 - - -- --
USGS 03-04-93 2,920 407 8.1 1.0 12.8 41 12 25 39
USGS 04-08-93 4,240 352 84 8.0 9.1 - - - -
USGS 05-21-93 14,200 228 8.1 14.0 8.7 - - - -
USGS 05-25-93 13,300 231 8.0 12.5 9.2 25 6.6 11 2.6
USGS 06-10-93 12,700 250 8.1 16.0 9.1 - - - -
USGS 07-28-93 10,800 312 8.2 17.5 89 - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Carbo- Alka- Dls-
Bicar- - -
Site nate,  linty, | Alka Sulfate  Chloride Silica  solved Anti
bonate, linity, iab Fluoride mony
num- field field field (mo/L as (mg/Las (mg/Las (mg/L as F) (mg/Las  solids, (ug/L as
ber (mg/L as (mg/L (mg/L as caCo 3) S0,) Ci) Si0,) calcu- M Sb)
as CO;) CaCO3) lated
HCO3)
(mg/L)
SOUTHERN PART OF THE TOWNSEND VALLEY--Continued
S63 125 0 102 104 20 8.0 .60 20 164 -
(Continued) - - - - - - - - - -
154 6 136 135 34 1 1.0 20 219 -
171 0 140 140 34 13 1.1 27 237 -
179 0 146 149 47 13 1.1 24 257 -
98 0 81 85 17 6.4 60 19 136 -
134 8 123 127 27 14 15 25 211 -
137 8 127 127 31 13 1.6 25 217 7
- - - - - 14 - - - -
184 0 151 151 52 17 1.1 27 274 -
- - - - - 15 - - - --
— - - . - 14 - - - -
169 0 139 139 40 13 1.1 22 238 -
- - - - - 17 - - - -
. - - - - 16 - - - -
137 5 121 128 29 70 .70 17 190 -
132 10 124 128 27 14 1.4 23 209 -
- - - - - 13 - - - -
159 5 139 144 34 14 1.3 25 235 -
- - - - - 16 - - - -
179 0 147 148 41 15 13 29 258 -
- - - - - 11 - - - -
-- - - -- -- 6.9 -- - - --
104 0 86 92 18 59 .70 18 140 -
- - - - - 73 - - - -
- - - - - 6.6 - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

g v Mange Sron Sl sua Dot Onyoer
- - rogen oxygen-
o e fpec B dum e thm et pended e e
ber as As) B) Fe) (ug/Las (ug/Las (ug/Las pended finer isotope Isotope
(pgAl:)as L) Mn) Sr) (mglL) than ratlo ratio
0.062 mm) (permil)  (permil)
SOUTHERN PART OF THE TOWNSEND VALLEY-Continued

S63 22 21 - 41 49 13 160 25 92 -- -
(Continued) 21 - - - - - - - - - -
36 - - - - - - - - - -

35 32 - 8 71 11 220 13 95 - -

32 - - - - - - - - - -

34 - - - - - - - - - -

42 43 - 17 100 5 210 15 88 - -

36 - -- - - - - - - -- -

32 27 - 19 83 14 260 4 92 - -

21 - - - - - - - - - -

17 19 - 97 39 9 130 169 74 - -

19 - -- - - - - - - - -

45 - - - - - - - - - -

54 - - - - - - - - - -

54 50 - 9 110 3 170 9 92 - -

69 67 160 8 110 3 - 9 96 - -

41 39 140 - 90 - - - - - -

-- - - 18 100 6 250 7 92 - -

43 39 150 - 110 - - 8 94 - -

37 36 130 - 100 - - 5 92 - --

-- - -- 31 76 22 230 86 - -

34 28 120 -- 90 - - 13 92 - -

33 30 110 - 80 - - 15 78 -- -

22 22 70 10 44 19 200 20 82 - -

54 53 160 8 100 9 180 11 93 - -

36 28 130 - 70 - - 8 98 - -

37 39 150 8 110 7 220 6 89 - --

33 33 150 - 100 - - 7 68 - -

- - - 16 110 8 240 7 89 - -

27 26 90 - 70 -- -- 18 93 - -

25 19 70 -- 40 - - 161 82 - -

18 18 70 68 42 7 130 110 80 - -

23 18 80 - 50 - - 92 85 - -

14 14 60 - 30 - - 63 92 - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Dis- H, Tem-
Site Ana-  comple  Sharge, v fled  per. Oxygen, Caiclum Magne:  sodium  Potee-
num- lyzing date instan- ance. field (stan-  ature, field (mg/L (mg/L (mg/L (mg/L
ber agency taneous ’ dard water (mg/L) as Ca) as Na)
) USeM™ ey eC) as Mg) 28 K)
SOUTHERN PART OF THE TOWNSEND VALLEY~-Continued
S63 USGS 08-23-93 5,930 331 8.3 17.0 9.5 39 11 13 3.2
(Continued) USGS 10-04-93 3,570 483 8.7 13.5 10.2 - - - -
USGS 11-10-93 5,690 343 8.4 2.0 11.8 20 5.8 13 1.9
USGS 03-08-94 4,000 378 8.4 4.0 114 36 11 21 44
USGS 04-04-94 3,520 368 83 7.0 11.0 - - - -
USGS 05-11-94 6,360 267 82 16.0 8.2 - - - -
USGS 05-18-94 5,780 254 82 13.0 9.0 - - - -
USGS 06-14-94 4,160 311 8.3 14.5 8.6 33 9.5 16 32
USGS 07-08-94 2,030 346 8.4 20.0 9.1 - - - -
USGS 08-16-94 1,200 340 8.6 18.0 8.2 31 9.8 25 43
USGS 10-18-94 3,720 410 84 7.0 10.8 - - - -
USGS 01-09-95 2,940 424 8.1 .5 12.5 - - - -
USGS 04-07-95 4,770 362 82 10.0 9.1 - - - -
USGS 06-09-95 25,400 267 7.8 8.5 10.1 - - - -
USGS 08-07-95 3,700 350 8.4 21.5 8.4 - - - -
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Tabie 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana

(Continued)
Carbo- Alka- Dis-
site Bl Tiae,  anty, A% suale  Chioride Siica  soived ANt
bonate, N linity, lab Fluoride mony
num- fiei field field (mg/Las (mg/L as (mg/L as solids,
eid (mg/L as (mg/L as F) {ng/L as
ber (mglL as (mg/L  (mg/L as CaCo,) S04) Cl) SI0,) calcu- Sb)
HCO,) as CO;) CaCoOj) lated
3 (mgiL)
SOUTHERN PART OF THE TOWNSEND VALLEY-Continued
S63 153 0 125 132 31 9.1 .60 19 202 -
(Continued) - - - - - 38 - - - -
142 3 122 131 34 12 14 14 176 -
151 5 132 142 38 13 13 23 229 --
- - - - - 12 - - - -
- - - - - 7.4 - - - -
- - - - - 73 - - - -
145 0 119 125 27 8.5 .90 18 188 -
- - - - - 9.1 - - - -
137 7 124 125 26 14 1.6 26 213 -
- - - - - 15 - - - -
- - - - - 15 - - - -
- - - - - 13 - - - -
- - - - - 6.4 - - - -
- - - - - 72 - - - -
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Table 2. Water-quality data for selected surface-water sites along the Madison and upper Missouri Rivers in Montana
(Continued)

Arsenic, Sedi- SeiLn:nt, Deuterlum/ Oxygen-18/
Site r::t:"’_ Arsenic Boron Iron I"I'::" M:e"::' St::‘or:- ment,  pended hzc:arbogn °§ytg;;;16
T erable ;:94‘;) "‘9’3‘; as (WF"&‘)“ (uolLes (sglLas (sgiLas p::jed “’:’n‘:“‘ Isotope Isotope
(pgAlls.)as Lh Mn) Sr) (mg/L) than ratio ratio
0.062 mm) (permil) (permil)
SOUTHERN PART OF THE TOWNSEND VALLEY~Continued

S63 20 19 60 29 39 14 210 20 94 - -
(Continued) 24 23 70 - 60 - - 9 91 -- -
40 41 130 23 54 3 110 7 94 - -

33 33 130 26 84 13 220 9 95 - -

26 26 110 - 70 - - 12 98 - -

24 22 80 - 50 - - 45 97 - -

28 24 80 - 50 - -- 27 97 - -

23 25 80 37 54 19 200 10 97 - -

33 32 80 - 70 - - 11 93 - -

65 65 160 26 110 9 180 12 95 - -

34 33 150 - 90 - - 13 93 - -

41 36 160 - 110 - -- 8 95 - -

- 42 120 - 100 - - 25 95 - -

16 12 50 - 30 - - 378 39 - -

17 19 50 - 40 - - - - - -
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri
Rivers in Montana

[Constituents are reported as dissolved. Significant figures for arsenic concentrations are those reported by the respective laboratories; other concentrations are
rounded according to standard USGS procedures. Site number described in text. Collecting or analyzing agency: BOR, Bureau of Reclamation Laboratory,
Bismarck, N.D.; MBMG, Montana Bureau of Mines and Geology, Analytical Division, Butte, Mont.; USGS, U.S. Geological Survey, National Water Quality
Laboratory, Arvada, Colo. Abbreviations: ft?/s, cubic feet per second; °C, degrees Celsius; e, estimated; ng/L, micrograms per liter; uS/cm, microsiemens per
centimeter at 25 °C; mg/L, milligrams per liter. Symbols: <, less than minimum reporting level; --, no data]

Dis- . 2
Speclfic pH Tempera- 3 g .
Site Sample charge, conduct-  (stan- ture, Chioride  Arsenic Boron, Lithium Coilect- Ana
num- date instan-1 ance? dard water (mg/L (ng/L (ng/L (ug/L ing lyzing
ber ta(n:;;:)s (uSicm) units) ©C) as Cl) as As) as B) as LI) agency agency
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY
S4 07-16-92 - 268 6.6 - - 58.4 - - BOR BOR
S5 07-16-92 69 277 7.0 - - 65.6 - - BOR BOR
08-04-92 - 273 8.0 - - 75.2 - - BOR BOR
S6 07-17-92 €75 290 7.6 - - 58.0 - - BOR BOR
08-04-92 €50 267 17 -- - 85.2 -- - BOR BOR
S7 08-27-92 €2.0 277 8.1 - - <1 -- - BOR BOR
S9 09-22-92 - 444 8.1 - - 3.0 - - BOR BOR
Si0 08-27-92 el.0 485 7.6 - - 4.0 -- - BOR BOR
09-22-92 e2 440 74 - - 5.4 - - BOR BOR
Si1 07-15-92 - 333 7.2 -- -- 420 - - BOR BOR
08-04-92 - 339 79 - - 64.6 - - BOR BOR
08-27-92 52 329 - 10.5 - 74.6 - - USGS BOR
09-28-92 e45 338 83 8.0 -- 53.6 -- - USGS BOR
04-27-93 25 370 89 8.0 - 88.5 - - USGS BOR
06-22-93 59 218 8.3 11.5 - 319 - - USGS BOR
08-31-93 60 288 8.2 - - 34.8 - - BOR BOR
S12 08-27-92 e3.0 409 8.0 - - <1 - - BOR BOR
S13 08-26-92 - 334 75 - - 23 - - BOR BOR
S14 03-30-93 el.5 _ - - - 1.5 . . BOR BOR
07-09-93 - 286 8.2 - - <1 - -- BOR BOR
08-31-93 14 338 83 - -- 6.9 - - BOR BOR
S15 07-09-93 -- 318 83 - -- 79 - -- BOR BOR
08-31-93 16 319 8.2 - - 144 - - BOR BOR
S16  07-16-92 - 357 6.9 - - 12.8 - - BOR  BOR
08-04-92 - 337 8.0 - - 20.6 - - BOR BOR
08-27-92 24 336 - 10.5 - 17.8 - - USGS BOR
09-28-92 27 337 85 8.5 - 16.0 - - USGS BOR
11-11-92 12 342 83 1.0 - 1.5 - - USGS BOR
03-16-93 13 332 82 20 6.4 <7 20 <6 USGS MBMG
03-30-93 - 344 8.7 - -- 1.3 - - BOR BOR
04-27-93 14 349 8.8 9.0 - <1 - - USGS BOR
06-22-93 23 300 8.3 13.0 - 8.1 - - USGS BOR
08-31-93 19 326 82 85 - 12.5 - - USGS BOR
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri
Rivers in Montana (Continued)

Dis-
Site g Charge, Specinie (;’t'::_ TOluper® Chloride Arsenic® Boron  Lithium Collect-  Ana-
num- Instan- 2 (mg/Las  (ug/L (ng/L (ng/L ing lyzing
ber date  ineous! 2MCe dard water () as As) asB) asli) agency agency
(%) (uS/cm) units) (°c)
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY--Continued
s17 071692 - 356 72 - - 212 - -~ BOR  BOR
08-04-92 - 315 8.6 - - 2.1 - ~  BOR  BOR
08-27-92 63 330 - 115 - 23.6 - -~ USGS BOR
09-28-92 88 335 8.7 8.0 - 2.6 - -- USGS BOR
11-11-92 103 327 84 5 - 219 -- -- USGS BOR
03-1693 96 324 82 1.0 1 281 110 110 USGS MBMG
03-30-93 - 341 85 - - 288 - - BOR  BOR
04-27-93 100 343 9.0 9.0 - 235 - - USGS BOR
06-22-93 111 298 85 13.0 - 244 - - USGS BOR
08-31-93 86 329 8.1 8.0 - 296 - -~ USGS BOR
S18 08-27-92 108 108 8.2 1.0 - 17.7 - - USGS  BOR
09-28-92 108 346 8.5 9.0 - 175 - -- USGS BOR
11-11-92  el20 342 82 1.0 - 18.6 - - USGS BOR
03-16-93 135 332 83 1.0 11 25.1 100 110 USGS MBMG
04-27-93 113 353 8.6 10.0 -- 19.2 - -- USGS BOR
06-22-93 188 290 84 14.0 - 16.0 -- - USGS BOR
08-31-93 133 339 8.2 9.0 -- 15.3 - - USGS BOR
S19 07-15-92 - 343 74 - - 434 - - BOR BOR
08-03-92 - 332 7.7 - - 56.4 -- - BOR BOR
S20 07-15-92 - 589 7.0 - - 5.8 -- -- BOR BOR
08-27-92 e.33 482 83 - - 44 -- -- USGS BOR
09-28-92 e.5 501 83 105 - 6.5 - -- USGS BOR
11-10-92 - 454 8.0 - - 7.1 - - BOR BOR
04-27-93 17 499 83 10.0 -- 11.9 - -- USGS BOR
06-22-93 40 507 8.0 11.0 - 6.3 - - USGS BOR
08-31-93 .58 398 79 12.0 - 48 - -- USGS BOR
S21 08-03-92 e.l 440 6.6 -- - 5.8 - -- BOR BOR
03-30-93 -- 466 7.7 - - 47 - -- BOR BOR
07-08-93 -- 412 7.7 - - 6.2 - - BOR BOR
S22 07-15-92 e2 532 7.0 - - 6.1 - -- BOR BOR
08-03-92 e2 484 7.6 - - 6.4 - - BOR BOR
08-27-92 43 492 - 11.5 - 4.6 - -- USGS BOR
09-28-92 4.1 480 8.1 12.0 - 7.6 - - USGS BOR
11-10-92 24 467 8.3 6.0 - 54 - -- USGS BOR
03-16-93 .68 432 84 3.0 14 5.2 110 43 USGS MBMG
03-30-93 -- 414 8.7 - - 6.2 - -- BOR BOR
04-27-93 32 465 83 10.0 - 39 - - USGS BOR
06-22-93 32 477 8.3 14.0 - 6.1 -- -- USGS BOR
08-31-93 3.0 458 8.0 - - 6.5 - - BOR BOR
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri
Rivers in Montana (Continued)

Dis- -
Site Sample charge, f:::;tf_ (::;. Te:\lpr):ra- Chioride Arsenic® Boron  Lithium Collect-  Ana-
U e o Cmed Gwd e M USL GeL el b ng
(e (iSem) unhs)  (°C) shs)  asB) ) agency agency
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY--Continued
S23 07-15-92  el0 448 6.7 - - 103 - - BOR BOR
08-03-92 el0 455 76 - - 153 - - BOR BOR
08-27-92 14 412 - 14.5 - 25.8 - - USGS  BOR
09-28-92 11 411 8.2 13.0 - 19.8 - - USGS BOR
11-10-92 5.8 428 82 100 - 6.1 - - USGS BOR
03-16-93 1.8 440 8.3 7.0 13 43 110 66 USGS MBMG
03-30-93 - 449 7.9 - - 4.2 - - BOR BOR
04-27-93 65 490 85 10.0 - 5.4 - - USGS  BOR
06-22-93 16 351 83 16.0 - 215 - - USGS  BOR
08-31-93 11 369 8.1 12.0 - 13.5 - - USGS BOR
LOWER MADISON RIVER VALLEY
825 06-09-93 5.1 471 88 21.0 13 4 50 20 USGS  USGS
07-27-93 15 350 - 16.0 - - - - UsGs -
08-18-93 6.1 354 85 19.5 7.8 3 30 20 USGS USGS
10-06-93 €5 409 - 140 - - - - USGs  --
12-02-93 e4.5 392 - 0 -- - - - USGS --
02-17-94 6.9 362 8.4 5 9.7 2 40 20 USGS USGS
04-06-94 11 390 - 4.0 - - - - USGS -
05-10-94 12 282 - 16.0 - - - - USGS --
05-17-94 14 270 84 16.0 6.6 2 30 10 USGS USGS
06-09-94 €5 423 - 15.3 - - - - USGS -
08-24-94 e3 572 - 21.0 - - - - UsGS -
10-17-94 10 451 - 75 - - - - USGS -
01-12-95 €7 384 - 0 - - - USGS -
04-06-95 €l0 325 - 9.0 - - - USGS -
06-08-95 €20 229 - 70 - - - UsGs -
08-10-95 €25 401 - 17.0 - - - - UsGs -
S27 05-28-93 170 78 7.8 10.0 70 1 <10 <10 USGS USGS
06-09-93 120 104 - 14.0 - - - - USGS -
07-27-93 80 126 - 145 - - - - UsGs -
08-19-93 45 169 8.2 140 1.0 2 <10 <10 USGS  USGS
10-06-93 €30 214 - 150 - - - - UsGS -
12-02-93 - 219 - 0 - - - - UsGs -
02-17-94 26 210 8.4 5 1.7 2 <10 <10 USGS  USGS
04-06-94 31 218 - 6.0 - - - - USGS -
05-10-94 110 89 -- 12.0 - - - - USGS -
05-17-94 130 90 - 12.0 - - - - USGS --
06-09-94 84 115 - 11.0 - - - - UsSGS -
07-07-94 89 114 - 17.0 - - - - usGs -
08-24-94 €20 225 - 20.5 - - - - UsGs -
10-17-94 25 205 - - - - - - USGS -
01-12-95 €25 211 - 0 - - - - UsGs -
04-06-95 61 165 - 9.0 - - - - UsGs -
06-08-95 260 98 - 55 - - - - USGsS -
08-10-95 50 168 - 16.5 - - - - UsSGS -
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri
Rivers in Montana (Continued)

Dis- Speclfic pH2  Tempera-
Site Sample charge, conduct-  (stan- ture Chioride Arsenic? Boron Lithium Collect- Ana-
num- date lnslan-1 ance? dard wate’r (mgiLas  (ug/L (ug/L (ug/L Ing lyzing
ber ta(r:‘est/):)s (uSlem) units) °C) ch) as As) as B) as Ll) agency agency
LOWER MADISON RIVER VALLEY--Continued

S28 05-28-93 7.6 292 838 18.0 9.6 4 20 10 USGS  USGS
06-09-93 50 264 - 19.0 - - - - USGS -
07-28-93 7.0 324 - 20.0 - - - -- USGS -
08-19-93 5.0 386 85 15.0 15 5 20 20 USGS  USGS
10-06-93 e4 427 - 15.0 - - - -- USGS -
12-02-93 e3.5 411 - 0 - -- - -- USGS -
02-17-94 1.2 372 84 5 19 3 30 20 USGS USGS
04-06-94 9.5 403 - 5.0 - - -- -- USGS -
05-10-94 6.9 372 - 18.0 - - - - USGS -
05-17-94 - 364 - 17.0 - - - -- USGS -
06-09-94 e4 381 - 18.0 - - - - USGS -
07-07-94 12 354 - 19.0 - - - - USGS -
08-24-94 el 708 -- 25.0 - - - -~ USGS -
10-17-94 e7 455 - 8.0 - - - -- USGS -
01-12-95 es5 354 - - - - - - USGS .
04-06-95 12 266 - 10.0 - - - - USGS -
06-08-95  ¢l5 318 - 8.5 - - - -  USGS -
08-10-95 7 412 - 19.0 - - - -  USGS -

S29 07-17-92 €50 251 8.5 - - 452 - - BOR BOR
08-28-92 19 285 - 13.0 - 57.8 - -- USGS BOR
09-28-92 7.1 298 8.8 14.0 -- 76.0 - - USGS BOR
11-11-92 €9.5 288 8.5 1.0 - 829 -- - USGS BOR
04-02-93 - 283 8.1 - - 48.5 - - BOR BOR
04-28-93 el.5 321 83 5.0 - 73.6 - - USGS BOR
06-22-93 9.6 173 9.0 19.0 83 31 100 70 USGS USGS
08-31-93 14 234 88 16.0 - 39.7 - -- USGS BOR

S30 07-17-92 e50 251 8.6 - - 442 - -- BOR BOR
08-28-92 11 287 - 12.5 - 56.8 -- - USGS BOR
09-28-92 53 301 8.8 13.5 - 74.8 - -- USGS BOR
11-11-92 e5 294 83 5 - 71.9 - - USGS BOR
04-28-93 €9 328 84 6.0 - 81.5 - - USGS BOR
06-22-93 19 176 8.7 18.0 - 27.0 - - USGS BOR
08-31-93 27 234 838 16.0 -- 425 - -- USGS BOR

S31 08-28-92 -- 853 14 - - 31.8 - - BOR BOR
10-27-92 - 762 7.0 - - 20.2 - -- BOR BOR

S32 08-28-92 21 287 - 14.0 -- 60.8 - - USGS BOR
09-29-92 5.8 300 8.2 8.5 - 70.6 - - USGS BOR
11-11-92 5 288 84 0 - 86.2 -- - USGS BOR
04-28-93 el.S 333 84 6.0 - 74.8 -- - USGS BOR
06-22-93 7.6 179 8.7 18.0 - 27.0 - - USGS BOR
08-31-93 18 233 8.8 17.0 - 420 - - USGS BOR
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri
Rivers in Montana (Continued)

Dis-

: 2
Site Sample charge, ip:::':;: (:tl:n- Temfeera- Chioride Arsenic® Boron  Lithium Collect-  Ana-
num- Instan- ' (mg/L as (ng/L (ng/L (ng/L Ing lyzing
ber date  ioneous’ ance? dard water cn as As) asB) asLl) agency agenc
(t/s) (uS/cm) units) (°C) gency Y
LOWER MADISON RIVER VALLEY-Continued
S33 08-28-92 12 287 - 155 - 724 - - USGS BOR
09-29-92 e.25 300 82 7.0 - 69.0 - - USGS BOR
11-11-92 e3 291 85 0 - 91.9 - - USGS BOR
04-28-93 e5 337 84 7.0 - 86.7 - - USGS BOR
06-22-93 el 185 86 175 - 29.6 - - USGS  BOR
S34 08-28-92 2.7 473 - 15.0 - 65.8 - - USGS BOR
09-29-92 23 430 78 -- - 47.4 - - USGS BOR
11-11-92 e2.1 383 8.2 6.0 - 69.7 - - USGS BOR
03-16-93 el.5 376 8.5 5.0 22 61.4 200 190 USGS MBMG
04-28-93 e5 409 8.2 7.0 - 49.4 - - USGS BOR
06-22-93 e4 390 8.1 15.0 - 53.1 - - USGS BOR
08-31-93 22 449 83 170 -~ 45.1 - - USGS  BOR
S35 08-28-92 - 1,900 83 - - 6.2 - - BOR BOR
10-27-92 - 1,780 84 - - 48 - - BOR BOR
04-02-93 - 2,280 8.0 - - <1 - - BOR BOR
S36 08-26-92 - 313 9.1 - - 67.8 - - BOR BOR
08-28-92 33 296 9.0 - - 79.4 - - USGS BOR
09-29-92 €30 308 19 9.0 - 76.0 -- - USGS BOR
06-23-93 32 208 8.2 14.0 - 36.8 - - USGS BOR
09-09-93 19 260 8.8 16.0 12 47.6 140 110 USGS MBMG
$37 09-10-93 10 493 82 10.0 18 4.5 160 160 USGS MBMG
03-30-94 1.3 420 85 17.5 15 46.1 150 130 USGS MBMG
S38 09-10-93 12 536 84 12.0 22 51.6 220 170 USGS MBMG
03-30-94 28 625 8.1 15.5 35 63.4 340 170 USGS MBMG
S39 09-10-93 48 534 8.1 12.0 21 65.9 250 170 USGS MBMG
03-30-94 30 607 8.1 15.0 24 64.2 270 170 USGS MBMG
S40 09-10-93 6.7 542 8.4 13.0 - - - - USGS --
03-30-94 47 627 -- 17.0 - - - - USGS --
S41 08-26-92 - 459 8.6 - 42.8 - - BOR BOR
09-10-93 43 425 8.9 19.5 20 48.2 180 160 USGS MBMG
03-30-94 37 429 88 180 20 52.4 160 170 USGS MBMG
S42 09-10-93 27 308 9.2 21.5 15 54.3 160 130 USGS MBMG
03-30-94 11 422 88 17.0 18 54.5 180 150 USGS MBMG
S43 09-10-93 39 452 84 16.0 17 46.0 160 150 USGS MBMG
03-30-94 34 443 8.0 7.0 17 433 150 160 USGS MBMG
S44 08-28-92 15 298 - 18.0 - 74.6 - - USGS BOR
06-23-93 17 208 8.6 16.0 - 36.3 - - USGS BOR
09-01-93 i) 244 8.1 13.5 - 424 - - USGS BOR
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri
Rivers in Montana (Continued)

Dis- - 2
Slte charge, Specific pH Tempera Chloride Arsenic® Boron Lithium Collect- Ana-
Sample conduct-  (stan- ture,
num- Instan- 2 (mg/Las  (ug/L (ng/L (ng/L ing lyzing
ber date  oneous! 2Nce dard water [v)) as As) as B) asll) agency agenc
(g (Sem)  units) ©C) gency  agency
LOWER MADISON RIVER VALLEY-Continued
S45 08-28-92 14 295 - 18.5 - 772 - -  USGS BOR
09-29-92 14 306 9.1 14.0 - 67.0 - - USGS  BOR
11-11-92 28 293 8.5 20 - 85.4 - - USGS BOR
04-28-93 8.9 357 8.6 135 - 98.7 - - USGS  BOR
06-23-93 41 208 8.6 16.0 - 354 -- - USGS BOR
09-01-93 7.0 243 8.0 135 - 430 - -~ USGS BOR
S46 08-28-92 - 475 8.5 - 512 - -- BOR BOR
04-02-93 - 475 8.0 - 43.7 -- -- BOR BOR
03-30-94 6.0 463 - 5.0 17 422 150 140 USGS MBMG
S47 09-10-93 6.0 539 8.8 15.5 23 57.3 250 180 USGS MBMG
03-30-94 6.6 622 8.4 35 28 60.5 300 160 USGS MBMG
S48 03-13-95 90 685 8.5 55 30 113 460 240 USGS MBMG
S49 03-13-95 .07 1,500 8.0 75 60 96.5 750 270 USGS MBMG
S50 03-13-95 .09 970 8.0 9.0 60 114 750 270 USGS MBMG
851 03-13-95 05 1,470 83 35 70 321 1400 560  USGS  MBMG
S§52 09-10-93 9.9 574 8.6 18.0 27 61.0 290 180 USGS MBMG
03-30-94 1.4 1,030 84 9.0 54 94.8 610 240 USGS MBMG
03-13-95 1.8 945 8.3 55 50 106 680 240 USGS MBMG
S53 08-28-92 16 515 8.8 - - 73.6 - - USGS BOR
09-29-92 18 552 8.2 8.5 - 57.3 - - USGS BOR
11-11-92 €20 559 8.4 45 - 61.0 - - USGS  BOR
03-16-93 19 530 8.5 5.0 21 60.5 210 190 USGS MBMG
04-28-93 22 581 8.5 10.0 - 64.7 - - USGS BOR
06-23-93 20 523 8.4 11.0 19 63 250 180 USGS  USGS
09-10-93 18 525 8.8 19.5 22 64.8 250 180 USGS MBMG
03-30-94 18 582 8.5 7.0 23 65.4 260 170 USGS MBMG
S54 09-10-93 3.0 512 8.8 19.0 22 62.6 250 180 USGS MBMG
03-30-94 4.6 428 8.7 13.0 19 529 180 149 USGS MBMG
S55 03-31-94 18 618 - 35 26 68.1 290 170 USGS MBMG
S56 07-17-92 €30 492 8.5 - - 55.6 - - BOR BOR
08-29-92 30 466 - 11.0 - 72.0 - - USGS BOR
09-29-92 23 568 8.7 9.5 -- 64.4 - - USGS BOR
11-11-92 e2l 576 8.5 35 - 57.8 - - USGS BOR
03-16-93 20 563 8.3 20 24 65.0 240 190 USGS MBMG
04-01-93 - 600 8.5 - -- 66.7 - - BOR BOR
04-28-93 20 616 8.4 11.5 - 62.4 - -- USGS BOR
06-23-93 24 539 83 12.0 20 52 270 140 USGS USGS
09-09-93 28 502 8.7 18.0 21 62.4 240 170 USGS MBMG
03-31-94 15 616 8.5 4.0 27 68.2 300 160 USGS MBMG
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri
Rivers in Montana (Continued)

Dis- .
Site Sample  charges Specific pH?  Tempera- Chioride Arsenic® Boron Lithium Collect- Ana-
num- P instan- °°“"“§" (stan- ture, (mg/Las  (ug/L (ng/L (ng/L ing lyzing
ber date  ioneous!  ANce dard water cl as As) asB) asli) agency agency
#rs) (uS/ecm)  units) (°Cc)
LOWER MADISON RIVER VALLEY--Continued
S57 09-10-93 3.0 516 8.7 22.0 24 66.7 270 180 USGS MBMG
03-31-94 1.1 661 8.2 35 35 66.0 320 190 USGS MBMG
S59 09-09-93 .29 344 8.5 19.0 15 48.2 170 140 USGS MBMG
S60 07-17-92 €25 339 89 - - 56.6 - -- BOR BOR
08-29-92 25 355 - 18.0 - 56.4 - - USGS BOR
09-29-92 40 352 88 130 - 594 - - USGS BOR
11-11-92 19 422 8.5 35 - 52.7 - - USGS BOR
03-16-93 36 412 82 20 22 45.0 180 190 USGS MBMG
04-01-93 - 433 84 - - 73.0 - - BOR BOR
04-28-93 20 428 8.7 16.0 - 56.8 - - USGS BOR
06-23-93 54 304 84 14.0 13 54 160 140 USGS USGS
09-09-93 35 315 9.2 21.0 12 579 170 140 USGS MBMG
03-31-94 14 424 8.8 14.0 19 58.6 180 150 USGS MBMG
SOUTHERN PART OF THE TOWNSEND VALLEY
S61 10-01-92 1.1 368 83 12.0 - 354 -- - USGS BOR
S62 09-22-92 €2 380 8.2 -- - 384 - - BOR BOR
06-24-93 €6.0 247 8.0 -- -- 12.5 -- - BOR BOR
S64 09-22-92 e.56 938 68 - - 33 -- - BOR BOR
10-01-92 39 931 73 -- -- 38 - - BOR BOR
11-12-92 33 910 7.7 10.0 - 4.0 - - USGS BOR
03-15-93 - 882 7.9 6.0 35 1.7 200 46 USGS MBMG
04-01-93 e.l 902 7.6 -- - 1.5 - - BOR BOR
04-29-93 27 907 75 70 - 1.6 - - USGS BOR
06-24-93 39 918 76 9.0 -- 2.2 -- - USGS BOR
09-01-93 .58 929 7.4 11.0 - 1.7 - - USGS BOR
S65 09-22-92 el.8 1,129 79 -- -- 58 - - BOR BOR
10-01-92 84 1,180 79 10.5 - 6.3 - - USGS BOR
11-12-92 .86 1,170 8.2 10.0 - 34 - - USGS BOR
03-15-93 1.5 924 8.0 6.0 42 22 230 49 USGS MBMG
04-01-93 el.5 1,383 8.0 -- - 5.0 - - BOR BOR
04-29-93 18 1,320 8.1 8.0 - 33 - -- USGS BOR
06-23-93 2.0 1,260 7.8 10.0 - 2.8 - - USGS BOR
09-01-93 el.s 1,130 79 13.0 - 2.1 - - USGS BOR
S66 07-06-93 -- 445 7.8 -- - 6.4 -- -- BOR BOR
06-10-94 7.0 430 7.4 15.0 6.8 4.0 100 50 USGS USGS
S67 09-22-92 €6 849 7.7 - - 11.7 - - BOR BOR
10-01-92 8.4 745 83 9.0 - 105 - - USGS BOR
11-12-92 8.0 824 85 5.0 - 6.7 - - USGS BOR
03-15-93 11 680 83 7.0 24 35 130 23 USGS MBMG
04-01-93 - 803 8.2 - - 5.5 - - BOR BOR
04-29-93 12 969 83 8.0 - 3.6 - - USGS BOR
06-23-93 25 482 8.6 16.0 - 10.7 - - USGS BOR
09-01-93 18 533 8.2 15.5 - 74 -- - USGS BOR
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri
Rivers in Montana (Continued)

Dis- 2
Site charge, Specific PH Tempera- . ride Arsenic® Boron Lithium Coilect-  Ana-
Sample conduct-  (stan- ture,
num- instan- 2 R (mg/iLas  (ug/L (ng/L (ng/L ing lyzing
ber date taneous’ ance derd r Ci) as As) as B) as Li) agenc enc
) (wSlem)  units) (°c) gency agency
SOUTHERN PART OF THE TOWNSEND VALLEY~-Continued
S68 09-22-92 e.5 636 6.4 - - 10.0 - -- BOR BOR
10-01-92 29 640 8.1 - - 8.4 - - BOR BOR
11-12-92 14 655 8.0 - - 6.7 - - BOR BOR
03-15-93 el 590 8.7 5.0 24 7.0 150 55 USGS MBMG
04-01-93 e.l 544 8.9 - - 84 - -- BOR BOR
04-29-93 5 685 8.3 - - 4.1 - - BOR BOR
06-24-93 40 642 8.0 - - 49 - - BOR BOR
09-01-93 4.0 664 8.0 - - 42 - -- BOR BOR
S69 09-24-92 - 708 7.1 -- - 12.8 - -- BOR BOR
S70 09-23-92 €2.5 534 7.2 - - 42 - -- BOR BOR
03-15-93 1.4 513 82 6.0 - 2.6 - - USGS BOR
04-01-93 - 487 8.3 - - 1.2 - - BOR BOR
04-29-93 1.0 501 85 12.0 - 1.3 - - USGS BOR
06-23-93  elS5 522 7.8 10.0 - 22 - -  USGS BOR
09-01-93 el.5 525 7.8 135 -- <i - - USGS BOR
S71 09-23-92 - 416 8.0 - - 348 - - BOR BOR
S72 09-24-92 -- 520 7.7 - - 35 - - BOR BOR
S73 09-28-92 - 520 7.8 - - 1.2 - - BOR BOR
S74 09-28-92 - 520 79 - - 24 - - BOR BOR
S75 09-23-92 el 494 77 - - 4.8 - - BOR BOR
10-01-92 24 512 8.3 15.0 - 22 - -- USGS BOR
11-12-92 e2.4 502 83 9.5 - <1 - - USGS BOR
03-15-93 e2.0 486 84 11.0 13 7 66 19 USGS MBMG
04-01-93 - 479 8.1 - - <1 - - BOR BOR
04-29-93 e.2 500 8.2 13.0 - <1 - - USGS BOR
© 06-23-93 el.5 502 8.0 10.5 - 1.0 - -- USGS BOR
09-01-93 el.7 518 8.2 14.0 - 1.0 - - USGS BOR
S76 09-23-92 es.5 540 8.0 - - 52 - -- BOR BOR
10-01-92 5.2 512 8.5 13.0 - 34 - - USGS BOR
11-12-92 e5.9 511 8.5 7.0 - 79 - - USGS BOR
04-01-93 - 497 8.1 - - 1.0 - - BOR BOR
09-01-93 e4.0 479 8.5 14.0 - 2.7 - -- USGS BOR
HELENA VALLEY
S77 03-23-95 39 255 8.7 6.0 - 7 - -- USGS USGS
07-05-95 207 150 8.0 12.0 1.1 5 - - USGS USGS
S78 05-10-93 49 391 84 9.0 22 27.3 113 91 USGS MBMG
06-30-93 121 381 8.6 12.0 - 26.3 - - USGS  BOR
08-27-93 135 308 8.6 16.0 - 213 - -- USGS BOR
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri
Rivers in Montana (Continued)

Dls-

" 2 -
Site Sampie  Sherge, cos pnedc‘l:‘l:_ (::: e Tem;::ra Chioride Arsenic® Boron Lithlum Collect- Ana-
num- d atz instan- ance? dard w ate,r (mg/L as (ng/L (ng/L (ng/L ing lyzing
ber ta?:;’::)s (uSlem)  units) ©C) cn as As) as B) asll) agency agency
HELENA VALLEY—Continued
S79 04-01-93 €2 699 7.7 - - 5.4 - - BOR BOR
05-10-93 .78 703 75 7.5 32 25 69 20 USGS MBMG
06-30-93 .08 681 7.6 9.0 - 23 - - USGS BOR
08-27-93 e.08 682 73 10.5 - 20 - - USGS BOR
S80 07-05-95 105 363 8.6 13.5 13 31 - - USGS USGS
S81 04-01-93 e5 648 7.7 - - 54 BOR BOR
05-10-93 3.1 653 8.1 11.0 33 42 61 22 USGS MBMG
06-30-93 37 670 7.8 12.0 - 39 - - USGS BOR
08-27-93 34 690 7.8 10.5 - 35 - - USGS BOR
S82 07-07-93 el 670 7.8 - - 4.8 - - BOR BOR
08-26-93 e.25 664 7.7 - - 3.1 - - BOR BOR
S83 03-23-95 - 381 84 85 - 8.0 - - USGS USGS
07-05-95 142 238 82 16.0 - 8.0 - - USGS USGS
S84 04-01-93 - 612 79 - - 1.1 - - BOR BOR
05-10-93 24 447 8.4 16.0 14 21.5 100 68 USGS MBMG
06-29-93 €20 501 8.1 13.0 - 13.7 - - USGS BOR
08-26-93 e52 420 79 135 - 144 - - USGS BOR
S85 03-23-95 31 672 87 85 - 20 - - USGS USGS
07-05-95 12 399 87 11.0 13 25 - - USGS USGS
S86 08-27-93 el.3 790 6.9 - - 2.7 - - BOR BOR
S87 08-27-93 el.3 681 7.1 - - 17 - - BOR BOR
S88 04-01-93 el.0 470 7.0 - - <1 - - BOR BOR
05-05-93 13 485 7.1 6.5 11 <8 42 18 USGS MBMG
06-29-93 €2.2 530 7.1 10.0 - 2.1 - - USGS BOR
08-27-93 €22 582 7.1 110 - 1.6 - - USGS BOR
S89 04-01-93 - 609 17 - - 1.8 - - BOR BOR
05-10-93 30 464 83 14.0 16 16.0 90 59 USGS MBMG
06-29-93 35 502 8.0 12.5 - 10.9 - - USGS BOR
08-26-93  elSO 426 17 12.0 - 12.7 - - USGS BOR
S90 04-01-93 €45 742 74 - - 42 - - BOR BOR
05-05-93 €20 952 7.6 6.0 41 3.7 141 29 USGS MBMG
06-29-93 el2 1,000 7.3 8.5 - 34 - - USGS BOR
07-07-93 e4 998 74 - - 53 - - BOR BOR
08-26-93 el.2 952 72 11.0 - 32 - - USGS BOR
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Table 3. Water-quality data used as geothermal tracers for selected surface-water sites along the Madison and upper Missouri.
Rivers in Montana (Continued)

Dis- 2
Site Sampie charge, ;p::;:::_ (:t:n- Temp::ra— Chioride Arsenic® Boron Lithium Collect- Ana-
n:em- date Instan-1 ance dard wat e’r (mg/Las  (pglL (ng/L (ng/L ing lyzing
r ta(t::h?:)s (uS/cm) units) ©C) Ci) as As) as B) asLl) agency agency
HELENA VALLEY--Continued
S91 04-01-93 .06 861 7.7 -- - 24 - - BOR BOR
05-05-93 37 840 7.6 7.0 23 26 134 34 USGS MBMG
06-29-93 e25 820 7.6 10.0 - 24 - - USGS BOR
07-07-93 e.6 946 7.5 - - 3.7 - - BOR BOR
08-26-93 e.25 862 7.7 10.5 - 2.0 -- - USGS BOR
592 04-01-93 ed 511 7.1 - - 1.8 - - BOR BOR
05-05-93 43 500 7.1 80 16 1.3 60 23 USGS MBMG
06-29-93 8 501 7.9 - - <1 - -- BOR BOR
07-06-93 - 526 73 - - 1.0 - - BOR BOR
08-26-93 8 508 7.1 - - <1 - - USGS BOR
S93 03-27-95 9.7 440 8.4 6.0 - 20 - - USGS USGS
07-06-95 22 475 86 15.5 - 7.0 - - USGS  USGS
S94 03-27-95 52 380 83 5.0 - 8.0 - - USGS USGS
07-06-95 153 245 7.9 14.5 54 12 - - USGS USGS
S95 03-27-95 13 519 8.5 8.0 - 3 - - USGS USGS
07-06-95 48 480 8.2 15.0 14 17 - - USGS  USGS
S96 03-27-95 6.3 428 8.1 5.0 - 20 - - USGS USGS
07-06-95 24 398 77 12.0 - 15 -~ - USGS USGS
S97 07-06-95 - 331 9.0 20.0 - 15 - - USGS USGS
S98 03-27-95 - 363 9.0 45 12 6 - -- USGS USGS
07-06-95 - 247 7.9 14.5 55 12 - - USGS USGS
S99 04-01-93 €2 892 84 -~ - 16.2 - - BOR BOR
05-05-93 .08 830 83 13.0 30 9.8 150 35 USGS  MBMG
06-29-93 e.03 802 - 10.0 - 58 - - USGS BOR
- el 920 7.7 - - 19.2 -~ - BOR BOR
08-26-93 €20 820 7.7 10.5 - 5.2 - -- USGS BOR
03-27-95 .07 922 8.8 6.0 - 17 - - USGS USGS
07-05-95 .30 875 7.9 15.5 - i - - USGS USGS
S100 07-06-95 - 309 8.7 20.0 - 15 - - USGS USGS
S101 07-07-93 - 332 8.6 - - 244 - - BOR BOR
08-26-93 24 312 8.3 -~ - 20.7 - - BOR BOR
S102 03-27-95 - 363 8.8 3.0 - 5 - - USGS USGS
07-06-95 - 295 83 17.0 7.2 17 - - USGS USGS
S103 07-07-93 - 347 8.0 - - 9.7 - - BOR BOR
08-26-93 - 352 83 - - 12.8 - -  BOR  BOR

IDischarge values reported as ranges by the Bureau of Reclamation were averaged.
2Values determined by the Bureau of Reclamation are laboratory values; values determined by the U.S. Geological Survey are field values.
3Samples collected for the Bureau of Reclamation by U.S. Geological Survey personnel were unfiltered samples.
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Table 4. Water-quality data for diel investigations of the Madison River near West Yellowstone, Montana, August 24-26,
1990

[Site number is S1 in table . Constituents are reported as dissolved. Laboratory analyses and field measurements by
U.S. Geological Survey. Abbreviations: °C, degrees Celsius; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter
at 25 °C; mg/L, milligrams per liter. Symbol: --, no data]

Phos-
clfic H, Oxygen,
;Tduct- f?eld Tom- Tem- fm: Alkallnity, phorus, Arsenic
Sample date  Time ance, (stan- perat_ure, perature, (percent field ortho- (ug/L
. air water (mg/Las phosphate
field dard C) ©C) satura- CaCOy) (mg/L as as As)
(uS/cm) units) tion) P)

08-24-90 1300 472 8.33 19.0 18.5 -- 111 0.013 314
1340 - 8.38 - - - - - -
1400 485 8.40 19.5 18.5 - 110 012 313
1430 - 8.52 - - 115.2 - - -
1445 - 8.49 - - - - - -
1500 490 8.59 19.5 18.9 - - 011 306
1530 - 8.46 - - 116.4 - - -
1540 - 8.47 - - - - - -
1600 490 8.56 20.0 19.8 - 111 011 313
1625 -~ 8.68 - -- 118.9 - -- -
1645 - 8.52 - - - - - -
1700 480 8.51 18.0 19.7 - 113 .007 329
1730 - 8.58 - - 111.9 -- - -
1800 485 8.49 18.5 19.0 - 113 012 311
1830 - 8.51 - - 111.1 - - -
1900 485 8.50 20.0 19.0 -- 113 .012 312
1930 - 8.44 S - 107.0 - - -
1945 - 8.45 - - - - - -
2000 468 8.44 15.0 19.0 -- 113 .01 308
2030 -~ 8.38 - - 99.3 -- - -
2045 - 8.35 -- - - - - -
2100 479 8.29 12.0 18.0 - 114 .013 303
2130 - 8.22 - - - - - -
2140 - - - - 93.2 - - -
2200 480 8.14 9.0 17.5 -- 114 .009 314
2230 -~ 8.07 - -- 922 - - -
2328 - - - - 90.1 - - -
2300 490 8.02 6.5 17.0 - 112 .007 309
2330 - 797 -- - - - - -
2400 483 7.99 45 16.0 - 113 010 307

08-25-90 0030 - 7.93 - - 90.1 - - -
0100 487 793 45 16.0 - 114 .006 312
0130 - 7.93 - - 88.8 - - -
0200 485 795 6.0 16.0 - 114 .006 316
0230 - 7.91 - - - - - -
0240 - - - - 91.5 - - -
0300 489 7.98 8.0 16.0 - - .009 314
0330 - 7.88 - - - - - -
0340 - 7.90 - - 90.2 - - -
0400 484 7.91 7.0 16.0 - 114 .009 314
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Table 4. Water-quality data for diel investigations of the Madison River near West Yellowstone, Montana, August 24-26,
1990 (Continued)

. Phos-
m‘l‘g’_ f?:& Tem- Tem- O)f(ygen, Alkalinity, phorus,
ield Arsenic
Sample date  Time ance, (stan- Perélure, perature, o . ont field ortho- (gl
field dard alr water (mgiLas phosphate M9
°C) ccy  Saure  naco,)  (mgiLas 25A8)
(uS/cm) units) ( tion) gP)
08-25-90 0430 - 7.90 - - 91.5 - - -
(Continued) 0500 480 7.93 55 16.0 - 114 .006 317
0530 - 7.89 - - 90.6 - - -
0600 485 8.05 30 15.0 - 112 .008 325
0630 - 7.87 - - 90.9 - - -
0640 - 7.87 - - - - - -
0700 480 7.96 20 14.8 - 112 .006 317
0730 - 7.92 - - 90.9 - - -
0745 - 7.94 - - - - - -
0800 472 8.02 4.5 14.5 - 113 .008 317
0830 - - - - 96.0 - - -
0840 - 8.04 - -~ - - - -
0900 478 8.13 8.5 15.0 - 112 006 315
0925 - 8.12 - - 101.0 - - -
1000 480 8.21 13.0 16.0 - 112 006 323
1030 - 8.25 -~ - 106.4 - - -
1100 480 825 15.5 16.5 - 112 .008 313
1130 - 8.29 - - 1114 - - -
1200 480 8.34 19.0 17.5 - 12 007 318
1230 - 8.35 - - 1113 - -~ -
1300 478 8.37 21.0 18.0 - 111 006 300
1330 - 8.37 -- - 112.6 - - -
1400 472 8.39 21.0 18.5 - 110 .007 261
1430 - 8.41 - - - - - -
1500 480 8.60 18.0 19.0 - 112 .007 316
1520 - 8.49 - - 112.2 - - -
1540 - 8.50 - - - - - -
1600 485 8.49 18.0 19.0 - 112 .007 316
1625 - 8.56 - - 110.8 - - -
1645 - 8.48 - - - - - -
1700 481 8.64 15.5 18.5 - 113 006 298
1730 - 8.52 - - 104.3 - - -
1800 480 8.43 16.0 180 - 113 .006 304
1835 - 8.42 - - 103.4 - - --
1900 487 8.4 10.0 18.0 - 114 .006 302
1935 - 8.40 - - 98.4 - - -
2000 490 8.34 7.5 17.0 - 112 014 311
2030 - 830 - - 97.2 - - -
2100 480 8.23 9.0 16.5 - 112 .014 297
2130 - 8.14 - - 96.2 - - -

58 Hydrologic and Water-Quality Data Related to the Occurrence of Arsenic for Areas Along the Madison and Upper Missouri Rivers,
Southwestern and West-Central Montana



Table 4. Water-quality data for diel investigations of the Madison River near West Yellowstone, Montana, August 24-26,

1990 (Continued)
" Phos-
Specific PH, Tem- Tem- Oxygen, Alkalinity, phorus,
conduct- field field " Arsenic
Sample date Time ance, (stan- perature,  perature, (percent fleid ortho- (ng/L
field dard air water satura- (mg/Las phosphate as As)
(°C) (°C) CaCO;) (mg/L as
(uS/cm) units) tion) P)

08-25-90 2200 480 8.09 85 16.5 - 114 .006 307
(Continued) 2230 - 8.04 - - 91.1 - - -
2300 480 8.02 8.0 16.0 - 114 007 306

2325 - 7.99 - - 92.3 - - -

2400 490 7.92 6.0 16.0 - 114 .008 300

08-26-90 0030 - 790 - - 92.8 - - -
0100 490 7.93 6.0 15.0 - 114 .007 302

0130 - 7.88 -- - 90.8 - - -

0200 485 7.82 5.0 15.0 - 114 .007 308

0230 - 7.88 -- -- 90.1 - -- -

0300 487 7.94 40 15.0 - 114 011 308

0330 - 7.90 - - 92.1 - - -

0400 487 7.92 30 15.0 - 114 .010 304

0430 - 7.90 - - 92.1 - - -

0500 480 7.93 3.0 14.9 - 115 011 298

0530 - 7.90 - - 91.2 - - -

0600 480 7.92 20 15.0 - 113 011 300

0630 - 7.85 - - 92.0 - - -

0645 - 7.96 - - - -- - -

0700 483 7.96 1.0 14.5 - 114 011 301

0720 - 7.90 - - - - - -

0730 - - - - 933 - - -

0740 - 7.94 - - - - - -

0800 482 8.04 40 15.0 - 114 010 300

0830 - 8.03 - - 96.7 - - -

0900 475 8.08 10.0 15.0 - 114 .011 301

0930 - 8.14 - - 101.8 - - -

1000 490 8.23 125 15.8 - 114 .006 318

1030 -- 8.26 - - 107.3 - - -

1100 491 8.30 13.5 16.5 - 114 017 319

1130 - 8.32 - - 110.4 - - -

1200 488 837 18.5 17.5 112.6 116 - 316

1230 - - - - 1144 - -- -
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Table 5. Water-quality data for diel investigations of the Madison River near Norris, Montana, July 27-28, 1993

[Site number is S26 in table 1. Constituents are reported as dissolved. Laboratory analyses by Montana Bureau of Mines and
Geology; field measurements by U.S. Geological Survey. Abbreviations: °C, degrees Celsius; pg/L, micrograms per liter; uS/cm,
microsiemens per centimeter at 25 °C; mg/L, milligrams per liter. Symbol: --, no data]

Specific pH, Tem- Tem- OV Lalinity,
Sample dat T conduct- fieid perature, perature, field fieid Arsenic

Mple date me ‘;?e‘::’ (standard ?ir water (g:;::: (mg/L as (pgA/ls.)as

(uSlcm) unlits) (°C) (°C) tion) CaCOjy)

07-27-93 1020 240 8.49 = = = - K
1055 239 8.60 - - - - -
1100 238 8.58 20.5 16.0 1154 86 41.8
1130 - 8.65 215 17.0 118.0 - -
1200 237 8.68 22.5 17.0 118.0 88 42.0
1230 - 8.74 - 17.5 - - -
1300 235 8.74 27.5 18.0 122.0 86 41.9
1320 - 8.79 - 18.0 122.0 - -
1340 - 8.79 - 18.3 1224 - -
1400 233 8.79 26.5 184 122.9 86 42.6
1420 - 8.86 - 18.5 122.3 - -
1440 - 8.87 - - - - -
1500 232 8.89 25.5 19.0 1239 85 44.1
1530 - 8.88 24.5 19.0 121.5 - -
1545 - 8.88 250 19.0 - - -
1600 232 8.87 24.0 19.0 122.4 86 443
1630 - 8.90 242 19.2 122.8 - B -
1645 - 8.89 242 19.0 121.1 - -
1700 231 8.85 22.6 18.8 118.5 84 43.0
1730 - 8.84 - 18.6 115.7 - -
1745 - 8.84 - 18.5 114.0 - -
1800 232 8.81 220 18.5 1149 84 454
1830 - 8.79 - 183 112.3 - -
1845 - 8.78 - 17.8 110.7 - -
1900 230 8.76 20.0 17.8 110.1 - 447
1930 - - 19.0 17.5 106.0 - -
2000 232 8.67 18.5 17.5 102.8 84 454
2030 - 8.61 - 17.2 100.4 - -
2045 - 8.57 17.5 17.0 99.1 - -
2100 233 8.51 16.5 16.8 974 85 448
2130 - 8.44 15.0 16.5 93.7 - -
2200 233 8.36 13.5 16.0 92.1 85 443
2230 - 8.28 12.5 16.0 92.1 - -
2300 234 8.30 120 16.0 9.1 86 439
2330 - 8.27 13.0 16.0 92.1 - -
2400 234 8.24 135 16.0 92.1 84 45.1

07-28-93 0030 - 8.23 - 16.0 92.1 - -
0100 234 8.21 13.5 15.5 90.9 - 45.5
0130 - 8.22 13.5 15.5 90.7 - -
0500 235 8.21 8.5 le.1 91.0 85 43.0
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Table 5. Water-quality data for diel investigations of the Madison River near Norris, Montana, July 27-28, 1993 (Continued)

oo, e e e A
ie re, rature, e rsenic
Sample date Time a:pce, (standard Pe alr pewater ' (percent (mg/L as (ug/L as As)
ield its) °C) C) satura- Caco
(uS/cm) un tion) aC0s)
07-28-93 0530 - 821 8.5 15.8 90.1 - -
(Continued) 0600 235 8.27 8.0 16.2 91.1 86 42.8
0630 - 8.22 7.5 16.3 91.6 - -
0700 235 829 11.0 16.3 9.5 87 41.7
0730 - 8.27 11.5 16.3 93.6 - -
0745 - 8.29 -- 16.3 975 - -
0800 235 833 14.0 16.5 98.8 86 42.5
0830 - 8.39 16.0 16.5 101.2 - -
0845 - 8.42 16.5 16.7 103.2 - -
0900 233 8.45 173 17.0 105.0 84 41.8
0930 - 8.53 18.5 17.0 108.7 - -
0945 - 8.58 - 17.3 111.2 - -
1000 231 8.59 20.5 17.4 112.7 85 429
1030 - 8.65 220 17.8 115.5 - -
1045 - 8.68 19.5 18.0 117.7 - -
1100 229 8.70 19.5 180 118.6 83 43.3
1130 - 8.75 21.3 185 120.5 - -
1145 - 8.77 217 185 121.0 - -
1200 228 8.74 223 19.0 122.6 83 4.1
1230 - - 25.5 19.4 121.6 - -
1245 - 8.81 253 19.5 126.6 - -
1300 227 8.82 255 19.5 129.2 83 43.6
1330 - 8.84 26.0 19.7 129.5 - -
1345 - 8.85 26.1 19.8 129.8 - -
1400 228 8.84 264 19.7 129.7 83 449
1430 - 8.88 26.5 20.2 130.2 - -
1445 - 8.89 272 20.4 130.9 - -
1500 229 8.87 273 20.5 130.6 85 449
1530 - 8.88 275 20.5 1283 - -
1545 - 8.90 277 20.5 128.0 - -
1600 228 8.89 28.0 20.5 127.3 84 44.6
1630 - 891 28.0 20.5 126.1 - -
1645 - 8.90 28.0 20.5 120.7 - -
1700 231 8.87 27.8 204 119.4 85 439
1730 - 8.89 29.0 20.2 117.7 - -
1745 - 8.89 29.0 20.1 116.9 - -
1800 231 8.85 29.0 20.0 115.7 86 440
1830 - 8.83 27.8 19.7 112.8 - -
1845 - 8.84 27.0 19.5 111.2 - -
1900 233 8.79 26.8 19.5 109.3 - 442
1920 — 8.77 - - - -- --

TABLE5S 61



Tabie 6. Water-quality data for diel investigations of the Madison River at Three Forks, Montana, August 15-17, 1990

[Site number is S58 in table 1. Constituents are reported as dissolved. Laboratory analyses and field measurements by U.S. Geological Survey.
Abbreviations: °C, degrees Celsius; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25 °C; mg/L, milligrams per liter.
Symbol: <, less than minimum reporting level; --, no data]

Speciic D Te:n- Tem-  OXoen, Alalnty,  Phosphorus, g

conduct- ature, rature, ) ortho-

Sample date  Time ance, field (::3' pera'r pewater (2:::::' (mg/L as phosphate (pgAlI;)as

(uS/cm) units) (°C) (°C) tion) CaCO0;) (mg/L as P)

08-15-90 1100 300 8.26 240 20.0 - 106 0.001 82
1120 - 8.42 - - 97.3 - - -
1155 296 8.31 28.0 20.5 -- 109 <.001 84
1215 - - - - 111.1 - - -
1240 - 8.30 - - 112.6 - - -
1300 302 8.37 33.0 21.0 116.3 106 .002 83
1337 - 8.44 - - - - - -
1400 305 8.48 - 21.9 122.8 106 <.001 81
1435 - 8.52 - - - - - -
1500 290 8.55 340 229 128.0 105 001 83
1535 - 8.59 - - - - - -
1600 293 8.62 330 240 1253 104 001 84
1630 - 8.72 -- - - - - -~
1655 295 8.72 340 244 127.3 - 005 83
1730 - 8.81 - - - - - -
1810 285 8.80 -- 249 115.2 100 001 84
1840 - 8.86 - - - -- - -
1900 293 8.83 - 24.8 113.6 100 002 88
1940 - 8.91 - - - - - -
2005 290 9.00 28.0 25.0 110.8 98 003 86
2030 - 8.96 - - - - - -
2100 288 8.97 28.0 -- - 100 .003 85
2140 - 9.00 - - - - - -
2200 288 8.96 230 243 - 99 003 . 87
2235 - 8.96 - - 99.9 - - -
2300 287 8.97 235 24.8 - 100 .002 87
2335 - 8.98 - 245 88.5 - - -
2400 285 8.96 255 23.6 - 100 .002 88

08-16-90 0040 - 8.93 - 233 84.9 - - -
0100 287 891 23.0 23.5 - - .002 85
0130 - 8.87 - 22.7 833 - - -
0155 287 891 20.0 23 - 100 .002 86
0235 - 8.86 - 22.5 82.2 - - -
0300 289 8.76 15.5 220 -- 101 001 85
0330 - 8.80 - - - - - -
0340 - - - 20 86.1 - - -
0400 291 8.73 145 210 - 102 .001 87
0430 - 8.66 - - - - - -
0445 - - - - 82.5 - - -
0500 295 8.61 13.5 21.0 - 103 <.001 86
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Table 6. Water-quality data for diel investigation of the Madison River at Three Forks, Montana, August 15-17, 1990

(Continued)
Specific pH, Tem- Tem- O’;.wl':n’ Alkalinity, Phosphorus, A i
Sample Ti conduct- field (stan- perature, perature, e field ortho- rsenic
date ance, field dard air water (percent (mg/L as phosphate (ng/L as
(uScm)  units) °C) °C) s;t:r:)’ CaCO;)  (mg/L asP) As)
08-16-90 0530 - 8.60 - - -- - R -
(Continued) 0545 - - - 21.0 84.8 - - -
0600 293 8.59 12.5 20.5 - 103 .002 85
0630 -- 8.60 - -- - - - -
0640 -- - - 20.5 81.9 - -- -
0700 298 8.49 13.0 20.0 - 104 .001 85
0730 -- 8.48 - - 83.9 - - -
0800 298 8.41 14.5 19.7 - 105 <.001 84
0830 - 8.38 - - 87.5 - - -
0900 299 8.38 19.0 19.6 - 105 .001 83
0933 - 8.34 - - 953 - - -
1000 304 8.28 215 19.6 - 107 <.001 81
1030 - 8.32 - - 99.3 - - -
1045 - 8.34 - - - - - -
1105 302 8.29 27.5 202 - 107 .001 79
1130 - 8.37 - - 105.4 - - -
1145 - 8.37 -- - - - - --
1200 303 835 33.0 215 -- 107 .001 79
1235 - 8.42 - - - - - -
1300 302 8.45 38.0 21.5 - 107 <.001 78
1335 - - - 21.9 116.9 - - -
1350 -- 8.48 - - -- - - -
1400 303 8.46 315 220 - 107 .001 79
1430 - 8.53 - - -- - -- -
1445 - 8.57 - 223 117.7 - - -
1500 297 8.58 31.0 22.5 - 107 002 79
1530 -- 8.62 -- 234 119.8 - - -
1600 297 8.77 29.5 24.0 - 105 .001 78
1630 - 8.65 - 23.8 123.3 - - --
1700 298 8.71 29.0 -- - 105 .001 79
1735 - 8.74 - 235 1203 - - -
1800 294 893 270 - - 104 .001 81
1830 -- 8.82 - 232 112.1 - - -
1900 299 8.93 245 - - 103 .001 80
1930 - 8.86 - 22.5 105.5 - - -
2000 301 8.88 23.0 - - 104 .002 82
2030 - 8.89 - 22.1 108.1 - - -
2100 297 8.90 21.0 220 - 104 .002 82
2130 - 891 -- 21.6 92.8 - - -
2200 295 8.89 20.0 214 - 103 .002 83
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('gable 6. Water-quality data for diel investigation of the Madison River at Three Forks, Montana, August 15-17, 1990
ontinued)

Specific  pH, Tem- Tem- °’f‘¥$:"' Alkallnity,  Phosphorus,
Sample Tim conduct- field (stan- perature,  perature, e field ortho- Arsenic
date e ancae, fieid dard air water (percent (mg/L as phosphate (ug/L as

(S/cm) units) ©C) C) s;‘;:;‘ CaCO;)  (mg/L as P) As)

08-16-90 2230 - 891 - 21.3 - - - -
(Continued) 2300 290 8.87 18.0 21.0 - 104 002 82
2330 - 8.88 - - 85.9 . - -

2400 288 8.86 165 21.0 - 102 002 83

08-17-90 0030 - 8.82 -- 20.7 85.2 - -- -
0100 290 8.78 16.5 20.5 - 102 .001 83

0130 - 8.82 - - 839 - - -

0150 - 8.82 - - - - - -

0200 288 8.78 16.5 - - 102 001 82

0235 - 8.75 - 20.0 81.5 - - -

0300 287 8.72 16.5 - - 103 .002 83

0335 - 8.75 - 20.0 834 - - -

0400 291 8.72 15.5 - - 103 .001 82

0430 - 8.59 - 20.0 85.4 - - -

0500 294 8.55 15.0 - - 103 .001 80

0530 - 8.50 - 20.0 834 - - -

0600 293 8.44 13.5 - - 103 <.001 81

0630 - 8.37 - 19.2 83.0 - - -

0700 291 8.31 12.5 - - 105 001 79

0730 - 831 - 19.0 84.3 - - -

0800 294 8.26 14.0 - - 106 <.001 78

0830 - 8.22 - 18.7 87.5 - - -

0900 300 824 17.0 18.8 - - 001 78

0930 - 8.22 - 19.0 93.0 - - -

1000 294 8.24 18.0 - - 105 .001 78

1030 - 8.24 - 19.1 99.9 - - -
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Table 7. Water-quality data for diel investigations of the Madison River at Three Forks, Montana, August 19-20, 1993

[Site number is S58 in table 1. Constituents are reported as dissolved. Laboratory analyses by Montana Bureau of Mines and Geology; field measurements by
U.S. Geological Survey. Abbreviations: °C, degrees Celsius; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25 °C. Symbol: --, no data)

Specific pH, Tem- Tem- Oxygen,
conductance, field perature, field Arsenic
Sample date Time tieid (standard p:ir : (‘:"é)e' water (percent (ng/L as As)
(nS/cm) units) (°C) saturation)

08-19-93 0930 254 824 - 165 - 475
1000 -- 8.25 - - - --
1020 253 8.27 225 16.8 103.0 48.5
1040 - 8.34 - 17.0 104.7 -
1100 251 8.37 235 17.0 106.7 49.8
1120 - 8.41 - 17.0 108.5 -
1140 - 8.46 240 17.3 1104 -
1200 250 8.49 235 17.6 112.7 49.5
1220 - 8.55 23.0 17.7 114.9 -
1240 - 8.60 230 18.0 118.3 -
1300 249 8.62 235 18.3 120.6 49.2
1320 - 8.68 240 18.5 122.1 -
1340 - 8.72 245 19.0 125.2 -
1400 246 8.75 245 19.4 1274 50.4
1420 - 8.79 245 19.6 128.6 -
1440 - 8.82 250 19.8 129.1 -
1500 244 8.85 25.5 20.2 130.3 525
1520 - 8.89 26.0 20.5 131.1 -
1540 - 8.92 25.5 21.0 1325 -
1600 242 8.93 26.0 21.2 132.8 50.5
1620 - 8.97 26.0 21.3 1333 --
1700 242 9.01 26.5 21.7 133.6 51.9
1720 - 9.05 26.5 219 133.6 -
1740 - 9.07 26.5 22,0 132.3 -
1800 240 9.09 263 222 130.3 50.5
1820 - 9.11 26.0 225 129.7 -
1840 - 9.12 26.0 223 127.2 -
1900 241 9.12 25.5 22.5 1240 52,5
1920 - 9.15 24.0 225 122.5 -
1940 -- 9.16 - 22,5 1189 -
2000 240 9.16 255 224 115.6 51.6
2025 - 9.15 235 224 112.7 -
2040 - 9.17 223 223 109.3 -
2100 242 9.16 213 222 104.0 53.7
2120 - 9.18 205 22.1 100.9 -
2140 - 9.17 21.0 21.9 979 -
2200 243 9.14 20.7 220 96.4 54.2
2220 - 9.14 20.3 21.9 93.9 -
2240 - 9.14 19.5 21.7 92.0 -
2300 244 9.12 19.5 219 90.7 53.4
2320 - 9.11 185 217 88.6 -
2340 -- 9.08 17.8 21.7 874 -
2400 245 9.07 175 21.6 86.5 52.6

08-20-93 0020 - 9.06 17.0 215 86.1 -
0040 - 9.02 16.7 214 83.8 -
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Table 7. Water-quality data for diel investigations of the Madison River at Three Forks, Montana, August 19-20, 1993

(Continued)
Tore W am. O
conau ce, perature, fieid Arsenic
Sample date Time field (standard p:;:::‘g‘ water (percent (ng/L as As)
(uS/em) units) (°C) saturation)
08-20-93 0100 247 8.99 16.4 21.2 82.8 51.6
(Continued) 0120 - 8.98 15.8 21.1 82.6 --
0140 - 8.95 16.2 20.9 81.7 -
0200 248 8.93 17.3 20.8 81.3 51.9
0220 - 8.90 16.8 20.7 81.3 -
0240 - 8.89 16.4 20.6 81.1 -
0300 248 8.86 16.6 20.5 80.9 51.9
0500 252 8.68 12.5 19.0 79.7 51.7
0520 - 8.65 12.5 19.0 80.7 -
0540 - 8.57 12.5 19.0 80.7 -
0600 253 8.52 12.0 19.0 80.9 50.7
0620 - 8.47 11.5 18.8 80.6 -
0640 - 8.42 11.0 18.5 80.4 -
0700 254 8.36 11.5 18.5 81.4 48.8
0720 - 8.31 11.7 18.5 82.0 -
0740 - 8.26 125 18.3 82.3 -
0800 256 8.26 13.0 18.3 84.2 49.6
0820 - 8.23 137 183 85.4 -
0840 - 825 147 183 87.3 -
0900 258 826 16.5 183 90.3 480
0920 - 8.25 16.9 18.3 92.8 -
0940 - 8.27 18.6 18.3 95.7 -
1000 255 8.32 19.7 18.3 100.5 47.1
1020 - 8.34 19.8 18.3 103.7 -
1040 - 8.38 21.2 183 106.2 -
1100 253 8.42 220 18.5 108.0 47.6
1120 - 8.45 220 18.5 1105 -
1140 - 8.49 23.5 18.8 113.2 -
1200 251 8.54 25.0 19.0 117.1 48.0
1220 - 8.58 26.0 19.3 118.8 -
1240 - 8.63 275 19.3 120.3 -
1300 248 8.66 26.0 19.5 122.2 474
1320 - 8.70 270 19.5 123.4 -
1340 - 8.74 28.0 19.8 1253 -
1400 247 8.76 275 20.3 129.2 48.5
1420 - 8.81 27.3 20.5 131.1 -
1440 - 8.84 28.5 20.8 131.8 -
1500 245 8.86 30.5 21.0 132.5 499
1520 - 891 30.0 21.0 132.5 -
1540 - 8.94 300 21.3 132.7 -
1600 244 8.95 315 21.5 133.6 49.8
1620 - 898 31.5 21.8 134.0 -
1640 - 9.00 30.0 21.8 1334 -
1700 244 9.02 31.5 22.0 132.6 499
1720 - 9.04 30.5 220 131.6 -
1740 - 9.06 28.0 220 126.0 -
1800 245 9.06 26.5 22.2 124.0 49.1
1820 - 9.08 250 22.2 122.0 -
1840 - - 25.5 222 118.7 -
1900 245 9.10 24.5 2.2 116.7 50.2
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Table 8. Water-quality data for diel investigations of the Missouri River at Toston, Montana, September 1-2, 1991

[Site number is S63 in table 1. Constituents are reported as dissolved. Laboratory analyses and field measurements by U.S. Geological Survey.
Abbreviations: ft/s, cubic feet per second; °C, degrees Celsius; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25 °C; mg/L, milligrams
per liter. Symbol: --, no data]

Discharge,  Specific pH, Tem- Tem- OV Aainny,
instan- conduct- fieid perature, rature, fieid
Sampie date  Time taneous  ance, fieid (standard air pewater (percent (mg/L as (quI: as

(H/s) (uS/cm) units) ¢C) C) s:ﬁ’;;‘ CaCO3) )

09-01-91 1100 1,510 335 8.97 27.5 21.5 121.0 122 68
1200 1,520 334 - 29.0 220 126.7 122 -
1300 1,540 333 8.98 300 23.0 130.5 122 70
1400 1,520 332 - 325 23.0 130.7 123 67
1500 1,550 333 9.02 340 230 130.0 123 74
1600 1,550 332 9.02 335 23.0 127.5 123 73
1700 1,530 333 8.99 325 230 121.5 125 67
1800 1,510 335 8.94 28.5 215 107.6 123 67
1830 - - 8.90 - - - - -
1900 1,510 338 8.87 290 21.5 100.4 125 70
1930 - - 8.82 - - - - -
2000 1,500 341 8.80 270 210 90.8 125 70
2030 - - 8.76 - - - - -
2100 1,500 340 8.74 24.0 20.0 84.0 126 65
2200 1,500 345 8.70 20 200 789 126 60
2300 1,510 345 8.67 21.0 20.0 78.9 126 69
2400 1,510 344 8.65 200 19.5 77.8 126 64
09-02-91 0100 1,510 345 8.63 19.5 19.5 79.2 126 71
0200 1,510 343 8.63 18.0 19.0 78.4 125 65
0445 1,490 346 8.62 17.0 19.0 71.0 126 61
0530 - - 8.63 - - - - -
0600 1,500 347 8.63 16.0 19.0 713 125 67
0700 1,500 346 8.65 15.0 19.0 80.6 126 71
0800 1,500 346 8.69 14.0 19.0 85.6 125 68
0830 - -- 8.74 - - - - -
0900 1,500 344 8.80 17.0 19.5 97.1 123 64
0930 1,490 345 8.85 18.0 20.0 - 125 67
1000 1,480 342 8.89 18.0 20.5 110.2 - 70
1030 - - 8.93 - - - - -
1100 1,480 343 8.96 185 20.5 1145 124 66
1200 1,480 341 8.98 21.0 2.0 127.6 124 69
1230 - - 9.00 - - - - -
1300 1,480 341 8.99 215 22,0 127.6 124 66
1400 1,490 341 9.00 23.0 22.5 129.5 124 66
1500 1,490 341 9.00 225 240 130.1 125 63
1600 1,500 343 8.98 240 225 1244 125 61
1700 1,500 343 8.95 23.5 22.0 117.3 126 65
1800 1,510 344 8.91 24.5 21.5 112.0 126 67
1900 1,500 347 8.84 235 20.5 100.2 127 65
1930 - - 8.80 -- - - - -
2000 1,520 350 8.76 225 19.5 88.9 128 -
2030 - - 8.72 - - - - -

TABLE8 67



Table 9. Water-quality data for diel investigations of the Missouri River at Virgelle, Montana, September 4-6, 1991

[Site nu.mber is S104 in table 1. Constituents are reported as dissolved. Laboratory analyses and field measurements by U.S. Geological Survey.
Abbreviations: ﬁ3/s, cubic feet per second; °C, degrees Celsius; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25 °C;
mg/L, milligrams per liter. Symbol: --, no data]

Discharge, Specific pH, Tem- Tem- Oxygen, Alkaliinity,
Sample instan- conduct- fieid perature,  perature, field field gt
date Time taneous  ance, field (standa (hg/L as
. 2 rd alr water (percent (mg/L as
(t3s) (uS/cm) units) C) (°C)  saturation) CaCOj) As)
09-04-91 1530 -- - 8.85 -- 20.5 - - -
1600 7,010 -- 8.87 28.0 20.5 123.8 143 13
1630 7,010 - 8.90 28.0 20.5 - 144 16
1700 7,010 439 - 28.0 205 123.8 - 14
1730 - 439 8.91 - - - - -
1800 6,980 440 -- 25.0 20.5 122.8 144 14
1830 - 440 -- 204 20.4 - -- -
1900 6,950 439 - 25.0 20.4 116.5 143 14
1930 - 440 -- 20.5 20.3 - - -
2000 6,890 441 - 18.0 20.0 111.3 144 14
2030 - 442 -- 16.0 20.0 - -- --
2100 6,840 444 - 16.5 20.0 109.5 144 14
2130 - 445 - 16.0 19.5 - - -
2200 6,780 445 - 16.0 19.5 105.4 143 15
2230 - 445 - 16.0 19.5 - - -
2300 6,750 448 - 11.0 19.0 102.4 144 14
2330 -- 448 - 11.0 19.0 -- -- --
2400 6,730 449 - 11.0 19.0 100.1 145 14
09-05-91 0030 - 450 - 10.0 18.5 - - -
0100 6,700 449 - 9.0 18.5 97.3 145 14
0130 - 450 - 9.0 - - - -
0200 6,670 451 - 8.5 185 96.0 145 16
0230 - 451 - 8.5 18.5 - - -
0300 6,670 452 8.73 75 18.0 946 144 13
0330 - 452 8.73 7.5 18.0 - - -
0400 6,670 453 8.71 7.0 18.0 91.7 145 14
0430 - 453 8.72 6.5 17.5 - - -
0500 6,670 454 8.71 6.0 175 92.6 146 14
0530 -- 453 8.72 6.0 17.5 - - -
0600 6,700 454 8.72 5.0 17.5 93.2 147 13
0630 -- 455 8.71 45 17.5 - - -
0700 6,750 455 8.70 4.5 17.5 92.6 147 13
0730 - 455 8.70 55 17.0 -- - -
0800 6,870 455 8.73 7.0 17.0 92.6 148 13
0900 6,950 453 8.74 9.0 17.0 95.0 - 13
0930 - 452 8.75 12.5 17.0 - -- --
1000 7,010 452 8.76 14.5 17.5 98.3 146 13
1030 -- 451 8.78 16.0 17.5 - - --
1100 7,040 452 8.81 18.0 17.5 1019 146 13
1130 - 451 8.83 19.5 17.5 - - -
1230 -- 448 8.83 23.0 18.5 - - -
1300 6,980 444 8.83 23.0 18.5 108.7 145 14
1330 -- 445 8.84 235 18.5 - - -
1400 6,950 444 8.84 26.0 19.0 114.1 145 14
1430 - 444 8.87 25.5 19.0 - - -
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Table 9. Water-quality data for diel investigations of the Missouri River at Virgelle, Montana, September 4-6, 1991 (Continued)

Discharge, Specific pH, Tem- Tem- Oxygen, Alkalinity, Arsenic
Sampie Time instan- conduct- fietd perature,  perature, field field /Ln
date taneous ance, field (standard air water (percent (mg/L as (“% as

(13s) (uS/cm) units) (°C) (°C)  saturation) CaCOs) s)

09-05-91 1500 6,890 442 8.87 255 19.5 117.9 146 15
(Continued) 1530 - 440 8.90 26.0 19.5 - - -
1600 - 441 8.92 26.0 19.5 120.9 - 15

1700 6,870 440 8.92 26.0 19.5 1214 143 15

1730 - 440 8.94 26.0 20.0 - -- -

1800 6,870 438 8.94 26.0 20.0 122.1 143 16

1830 . -- 438 8.95 26.0 20.0 -- - --

1900 6,840 440 8.95 245 20.0 118.6 143 13

1930 - 440 8.95 23.5 19.5 - - --

2000 6,840 441 8.91 220 19.5 112.8 144 14

2030 6,840 443 8.93 20.0 19.5 - 143 -

2130 - 444 8.91 19.5 19.0 -= - --

2200 6,840 445 8.90 19.5 19.0 105.6 142 14

2230 - 445 8.89 19.5 19.0 - - -

2300 6,840 446 8.87 19.5 18.5 101.7 144 14

2330 - 446 8.86 19.5 185 - - -

2400 6,840 447 8.83 19.0 18.5 99.9 145 15

09-06-91 0030 - 448 8.82 19.0 18.0 - - --
0100 6,840 449 8.80 18.5 18.5 97.6 145 15

0130 - 449 8.77 18.0 18.5 - - -

0200 6,840 450 8.75 17.0 18.5 96.4 146 --

0230 - 451 8.73 16.5 18.5 - -~ -

0300 6,840 451 8.72 15.0 18.5 95.4 - 13

0330 - 452 8.72 140 18.0 - - -

0400 6,840 453 8.72 12.5 18.0 93.8 147 14

0430 - 453 8.73 11.5 17.5 - - -

0500 6,840 454 8.71 10.0 17.5 92.1 146 14

0530 - 454 8.69 9.0 17.5 - - -

0600 6,870 455 8.69 80 17.5 91.7 147 13

0630 - 455 8.69 8.0 17.5 - - -

0700 6,870 455 8.68 75 17.5 97.9 146 13

0800 6,890 455 8.69 10.0 17.5 94.0 146 13

0830 - 455 8.69 11.0 17.0 - - -

0900 6,890 454 8.67 13.0 17.0 94.6 147 13

0930 -- 454 8.69 15.5 17.3 - - -

1000 6,890 453 8.72 18.0 17.5 97.9 - 13

1030 - -- 8.74 -- - - - -
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Table 10. Records of wells along the Madison and upper Missouri Rivers in Montana
Location number-- described in text.
Geologic unit--Qal, alluvial deposits (Quaternary); Ts, sedimentary deposits (Tertiary); QAb bedrock (Quaternary to Archean).
Altitude of land surface--in feet above sea level.
Primary use of water--C, commercial; H, domestic; I, irrigation; N, industrial; P, public supply; S, stock; U, unused.
Depth of well--in feet below land surface.
Type of finish--F, gravel perforated; G, screen with gravel; O, open end; P, perforated or slotted; S, screen; T, sand point; X, open hole.
Top of open interval--in feet below land surface.
Water level--in feet below or above (+) land surface.

Source of water-level data--A, other government agency; D, driller; O, owner; R, Montana Bureau of Mines and Geology or Montana Department of
Environmental Quality; S, U.S. Geological Survey.

Source of discharge data--A, other government agency; D, driller; O, owner; R, Montana Bureau of Mines and Geology or Montana Department of
Environmental Quality; S, U.S. Geological Survey.

Source of water-quality data--MBMG, Montana Bureau of Mines and Geology; USGS, U.S. Geological Survey.
Abbreviations--°C, degrees Celsius; gal/min, gallons per minute; uS/cm, microsiemens per centimeter at 25 °C; mg/L, milligrams per liter.

Symbols: -, or --, no data.
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Table 10. Records of wells along the Madison and upper Missouri Rivers in Montana (Continued)

Altitude of Top of
Locationnumber  Gevlogic land — TUASY DRl wypoor  open  PHEIHE  waterievel ITCC
unit surface water (feet) finish  Interval measured (feet) data
(feet) (feet)
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY

04S01W30BA 01 Ts 5,075 H 101 (o} - 09-15-91 43.09 S
05S01W03ACCCO1 Ts 4,850 H 126 - - 07-22-93 61.65 S
05S01W04ABDDO1 Ts 4,895 H 67 (0] - 08-11-93 17.17 S
05S01W04ACBCO1 Ts 4,905 H 60 - - 07-23-93 14.52 S
05S01W04BAABO! Qal 4,905 H 38 (0] - 09-24-92 10.85 S
05S01W04DBABO! Ts 4,895 H 68 P 60 -- - -
05S01W04DDDBO01 Qal 4,900 H 117 (0] - 09-12-91 71.77 S
05S01W08ACBBO1 Ts 4,980 H 60 - - - - -
05S01W10BADCO1 Ts 4,885 H 160 - - - - -
05S01W17AAAAQ1 Ts 4,935 S 193 P 27 09-12-91 3.30 S
05S01W21CCCCo1 Qal 4,970 S 33 (0] - 09-22-92 16.54 S
05S01W23DABAO1 Qal 4,890 H 44 P 35 09-12-91 21.80 S
05S01W28BACBO1! Qal 4910 S - - - 09-22-92 7.39 S
05S01W28DBDDO0! QAb 4,925 C 956 X 474 - - -
05S01W28DCBAO! Ts 4,930 U 46 - - 07-22-93 20.08 S
05S01W28DCCBO01 Ts 4,922 H 53 (0] - 04-04-89 26 D
05S01W33BADBO! Ts 4,930 H 80 O - 09-05-78 20 D
05S01W33CBCBO! Qal 4,950 P 84 0 - 09-11-91 9.24 S
06S02W13CDCDO01 Ts 5,370 H 83 (0] - 09-26-91 52.88 S
06S02W24BACDO1 Ts 5,380 H 341 (0] - 09-27-91 63.78 S
06S02W36DAADO! Ts 5,190 H 100 (0] - 09-27-91 5.68 S
06S01W02CBCBO01 Qal 4,963 H 60 - - - - -
06S01W03AABAO1 Qal 4,930 H 26 - - 09-01-93 6.47 S
06S01W03ABABO1 Qal 4,925 H 20 - - - -

06S01W03ABACO1 Qal 4,925 H 86 - - - - -
06S01W03CDADO! Qal 4,955 H 34 (6] - 08-23-74 5 D
06S01WO03DAAAO! Qal 4,955 H 27 - - -- - -
06S01W04AABBO! Qal 4,932 1 40 - - 07-22-93 3.30 S
06S01W04ACCBO1 Ts 4,960 P 164 P 100 08-24-60 13 D
06S01W04CCDBO01 Ts 4,995 H 74 P 54 09-02-93 12.17 S
06S01WO05AAAA0] Qal 4,975 H 65 - - 07-21-93 21.63 S
06S01 W05ACBDO1 Ts 5,095 H 240 P 210 09-10-91 119.99 S
06S01W06DDA 01 Ts 5,245 H 228 P 222 09-11-91 122.67 S
06S01W08CADDO! Ts 5,145 H 162 (0] - 09-05-85 35 D
06S01W08DABDO1 Qal 5,010 H 50 P 40 09-24-91 15.85 S
06S01W09BBCAO1 Ts 5,005 1 90 (0] - 07-22-93 17.37 S
06S01W10ABACO1 Qal 4,170 I 30 - - - - -
06S01W10BAAAO! Qal 4,960 H 34 - - - -- -
06S01W17CDDAO! Qal 5,035 H 58 P 38 07-23-93 11.05 S
06S01W23BBACO! Qal 5,095 H 37 (0] - 07-09-91 10
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Source Specific pH, Water Date water-
ct?a':;e of dis- condu_ct- field temper- N::;T;e, quality swt:-m Location number
(gal/min) charge ance, field (standard  ature, field (mglL as N) parameter quality data
data (uS/cm) units) (°C) measured
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY
12 D 300 7.4 11.0 1.1 09-15-91 USGS 04S01W30BA 01
-- - 458 8.1 11.0 9 07-22-93 USGS 05501 W0O3ACCCO1
18 D 468 7.4 14.0 -- 08-11-93 USGS 05S01WO04ABDDO1
8 S 475 7.7 9.5 1.1 07-23-93 USGS 05S01 W04ACBCO1
25 D 424 7.3 10.0 - 09-24-92 USGS 05S01W04BAABO1
24 D 508 7.8 10.0 1.2 07-22-93 USGS 05S01W04DBABO1
30 D 283 8.0 11.5 a 09-12-91 USGS 05S01W04DDDBO1
-- - 780 7.0 9.5 -~ 08-10-93 USGS 05S01 W08ACBBO!
-~ - 569 79 12.5 1.4 07-23-93 USGS 05S01W10BADCO1
6 -- - - - - USGS 05S0IW17AAAAQ1
-- - - - - -- -- USGS 05S01W21CCCCO01
30 D 337 7.1 10.0 1.7 09-12-91 USGS 05S01 W23DABAO!
10 S 563 79 14.0 - 09-22-92 USGS 05S01 W28BACBO1!
75 A - - 89.5 - 09-24-91 USGS 05S01W28DBDDO01
- - -- - - - - USGS 05S01 W28DCBAO1
20 D 458 7.6 12.5 - 07-20-93 USGS 05S01W28DCCBO!
5 D 400 8.0 13.0 - 07-20-93 USGS 05S01W33BADBO1
30 D 248 79 13.0 1.1 09-11-91 USGS 05S01W33CBCBO!
30 D 426 -- 10.5 1.2 09-26-91 USGS 06S02W13CDCDO1
10 D 417 7.1 14.0 25 10-27-91 USGS 06S02W24BACDO1
10 D 461 - 10.0 10 09-27-91 USGS 06S02W36DAADO1
- - 491 78 11.0 15 07-21-93 USGS 06S01W02CBCB01
- - 572 7.6 9.5 -- 09-01-93 USGS 06S01WO03AABAO1
- - 559 7.7 9.0 14 06-23-93 USGS 06S01W03ABABO1
- - 582 7.5 11.0 - 08-12-93 USGS 06801 WO3ABACO1
60 D 414 7.8 10.0 1.3 07-22-93 USGS 06S01W03CDADO1
-- - 592 7.5 10.5 1.1 07-23-93 USGS 06S01W03DAAAOI
11 S 475 74 11.0 13 07-22-93 USGS 06S01WO04AABBO1
200 D -- -- - -- -- USGS 06501 W04ACCBO1
20 D 378 7.6 11.5 -- 09-02-93 USGS 06S01W04CCDBO1
1.6 S 457 75 14.0 5 07-21-93 USGS 06SO01WOSAAAAQ!L
- - 736 -- 16.0 1.6 09-10-91 USGS 06S01WO5ACBDO1
5 D 774 -- 12.5 9 09-11-91 USGS 06S01WO06DDA 01
13 D 443 79 11.0 - 09-22-92 USGS 06S01WO08CADDO1
8.0 S 374 -- 13.5 4 09-24-91 USGS 06S01W08DABDO1
15 D 404 7.8 12.0 9 07-22-93 USGS 06S01 W09BBCAOI1
- - 594 7.6 9.0 - 07-20-93 USGS 06S01 W10ABACO1
- - 403 7.7 11.0 5 07-21-93 USGS 06S01 W10BAAAO!L
20 D 424 7.9 11.5 1.5 07-23-93 USGS 06S01W17CDDAO1
40 D 489 7.8 10.0 - 09-22-92 USGS 06S01W23BBACO1
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Table 10. Records of wells along the Madison and upper Missouri Rivers in Montana (Continued)

Altitude of Prima Depth of Top of Date water ur f
Location number Ge:'l:tglc s";:::: e use orfy \zell 'I;m:f ir::::al level Wa:feer‘;svel v?;erjz\?el
(feet) water (feet) (feet) measured data
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY-Continued

06S01W23BBBAO1 Ts 5.090 H 170 0 - 09-16-91 +.19 S
06S01W30DADDO1 Qal 5,080 H 72 - - 07-21-93 26.12 S
06S01W34DDDA01 Ts 5,255 S 127 0 - 07-21-93 94.65 S
06S01W35DAABO! Ts 5,200 U 72 0 - 09-16-91 42.62 S
06S01E31CAACO1 Ts 5,330 H 168 P 159 09-12-91 148.00 S
07S01WO03CAB 01 Ts 5,260 U 138 0 - 09-16-91 112.71 S
07S01W06BBACO! Ts 5,155 H 72 - - - - -
07S01W07DBCDO1 Ts 5,300 H 204 0 - 09-25-91 126.50 S
07S01WI12DBBCOI Ts 5,285 H - - - - -

07S01W17BBBB01 Ts 5,190 H 100 - - - - .
07S01W17BCBDO1 Ts 5,205 H 94 P 83 12-01-86 47 D
07S01W18DDACO1 Qal 5,260 H 71 P 51 09-24-91 51.87 S
07S01W20CBAAO1 Qal 5,240 H 68 - - 09-21-92 28.30 S
07S01W23ABBAO1 Ts 5,335 U 175 0 - 09-16-91 144.05 S
07S01W26AAAAQ1 Ts 5375 P 122 (o} - 10-29-70 30 D
07S01W34AAC 01 Ts 5,415 U 225 0 - 09-25-91 196.65 S
08S01W25BBC 01 Qal 5,450 H 80 0 - 09-17-91 38.83 S

LOWER MADISON RIVER VALLEY

02NO1E0SDDCAO01 Ts 4,330 H 171 P 166 06-14-78 95 D
02NOI1E17DAADO1 Ts 4275 H 79 P 38 11-06-75 20 D
02N01E24BADAOI Qal 4,075 H 21 - - -~ - -
02N01E24DDA 01 Qal 4,080 S 47 - -- - - -
02NO1E24DDAAQI Qal 4,055 H 20 - - - - -
02NO1E25AACCO! Ts 4,060 H 89 P 62 09-11-73 7.0 D
02NOIE25AB 01 Qal 4,060 S 22 S 1 07-02-84 4.80 R
02NO01E25BDBBO1 Qal 4,160 S 50 0 - - - -
02NOIE26AA 01 Qal 4,060 P 30 P 5 - -84 32 D
02N01E26DCDCO1 Qal 4,190 H - - -- - - -
02N01E27BCCBO01 Qal 4,095 H 50 - - - - -
02N01E27CBD 01 Qal 4,090 H 20 - - - - -
02NO1E34AAADO1 Qal 4,080 H 15 - .- - - -
02NO1E34AABAO! Qal 4,180 H - - - - - -
02NOIE35BABAOI Qal 4,080 H 27 S 23 06-15-71 6 D
02NOI1E35BABAQ2 Qal 4,080 H 21 P 19 - - -
02NO1E36BCBDO01 Ts 4,070 N 266 S 205 11-09-83 88 D
02N01E36BCDDO01 Qal 4,075 N 30 - - 02-27-79 7 D
02NO1E36CBA 01 Qal 4,070 N 33 - - - - -
02N02E09CBDAOI Qal 4,420 P 25 0 - 09-20-66 16 D
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Dis- Source Specific PH, Water Nitrate, Date water- Source of
charge of dis- conduct- fleld temper- tieid quality water- Location number
(gai/min) charge ance, fieid (standard ature, field (mg/L as N) parameter quallty data
data (nS/cm) units) (°C) measured
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY-Continued
60 D 286 - 12.5 v 09-16-91 USGS 06S01W23BBBA(1
8.0 S 411 7.8 13.0 1.3 07-21-93 USGS 06S01W30DADDO1
12 D - - - - - USGS 06S01W34DDDAO!
30 D - - - - - USGS 06S01W35DAABO!
19 D 711 7.0 14.5 i 09-12-91 USGS 06S01E31CAACO1
15 D - - - - - USGS 07S01W03CAB 0!
- - 476 7.6 13.0 - 09-21-92 USGS 07S01W06BBACO1
8 D 579 - 11.5 15 09-24-91 USGS 07S01W07DBCDO1
- - 326 7.9 9.5 - 09-25-92 USGS 07S01W12DBBC01
- - 452 7.5 11.5 -- 08-11-93 USGS 07S01W17BBBB01
25 D 477 N 11.5 7 08-19-92 USGS 07801W17BCBD01
25 D - - - -- - USGS 07S01W18DDACO1
- - 549 74 85 - 09-21-92 USGS 07S01W20CBAAO!
36 D -- - - - - USGS 07S01W23ABBAO1
10 D - - - - - USGS 07S01W26AAAAQ!
24 D - - - -- - USGS 07S01W34AAC 01
60 D 299 7.8 12.0 3 09-17-91 USGS 08S01W25BBC 01
LOWER MADISON RIVER VALLEY
30 D 2,270 - - - 11-10-83 MBMG 02N01EO8DDCAO1
25 D 2,730 - - - 11-10-83 MBMG 02NO1E17DAADO1
- - - - - - - MBMG 02NO1E24BADAO!1
- - 613 - 12.0 - 11-11-87 MBMG 02N01E24DDA 01
- - 599 - - - 11-14-83 MBMG 02NO1E24DDAAO1
20 D 479 - 10.5 -- 11-09-83 MBMG 02NO1E25AACCO1
-- - 304 - 10.0 -- 07-02-84 MBMG 02NO1E25AB 01
- - 494 - - - 11-16-83 MBMG 02NO1E25BDBBO01
24 D 425 -- 9.0 - 07-02-84 MBMG 02NO1E26AA 01
- - - - - - - MBMG 02NO1E26DCDCO1
- - 1,110 - - - 11-09-83 MBMG 02NO1E27BCCBO1
- - 533 - - - 11-10-83 MBMG 02NO1E27CBD 01
- - 595 - - - 11-09-83 MBMG 02NO1E34AAADO!
- - 858 - 11.5 - 11-16-83 MBMG 02NO1E34AABAO1
20 D 1,630 -- - - 11-11-83 MBMG 02NO1E3SBABAOI
- - 771 - - - 11-11-83 MBMG 02NO1E35BABA(2
130 D 1,280 - 10.5 - 11-09-83 MBMG 02N01E36BCBDOI
30 D 811 -- - - 11-08-83 MBMG 02N01E36BCDDO1
- - 1,300 - - - 11-09-83 MBMG 02NO01E36CBA 01
30 D 426 - - - 11-14-83 MBMG 02NO2E09CBDAO1
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Table 10. Records of wells along the Madison and upper Missouri Rivers in Montana (Continued)

Altitude of Top of
Locstonrumper 00ogle  tana %Y PPl typocr  open  DUIVEET  watriove SO0
surface water (feet) finish  Interval measured (feet) data
(feet) (feet)
LOWER MADISON RIVER VALLEY--Continued

02N02E17DDCCO1 Ts 4,050 S 55 (0] - 05-29-76 4 D
02N02E19CBCCO1 Qal 4,080 H 26 - - - - -
02N02E19CCABO1 Qal 4,080 H - - - - - -
02NO2E19CCB 01 Qal 4,080 H 20 (0] - 12-30-63 6 (0]
02N02E19CCCBO1 Qal 4,080 H 20 (0] - 05-08-72 5 D
02N02E19CCCB02 Qal 4,080 I 12 (0] - 05-20-73 3 D
02N02E20CABCO1 Qal 4,050 S 30 - - - - -
02N02E20CBDCO1 Qal 4,049 H - - -- - - -
02NO02E20CCAA01 Qal 4,050 H - - - - - -
02N02E20CDACO1 Qal 4,050 H 12 - - 12-30-63 5 (0]
02N02E20DAC 01 Qal 4,059 H 30 - - 12-27-63 10 (0]
02N02E20DDCBO1 Qal 4,060 H 80 P 40 09-24-92 8.46 S
02N02E21ACDBO1 Qal 4,058 H 25 (0] - 07- -58 6 D
02N02E22CCC 01 Qal 4,067 H 60 - - 12-30-63 10 (0]
02N02E27CADDO1 Qal 4,080 H 60 (0] - 01-22-53 8 D
02N02E27CBC 01 Qal 4,079 H 33 0 - 01-23-86 7.6 D
02N02E27DCA 01 Qal 4,089 S 29 - - 12-27-63 16 (0]
02NO02E27DCA 02 Qal 4,089 H 33 - - 12-27-63 16 (0]
02N02E27DCB 01 Qal 4,084 H 56 (0] - 07-18-52 20 D
02N02E28BC 01 Qal 4,065 H 48 P 43 12-02-83 5 D
02NO02E28BCD 01 Ts 4,065 H 49 (0] - 12-07-83 6 D
02N02E28CADCO1 Qal 4,077 8] 20 S 17 09-25-92 3.32 S
02N02E28CADCO02 Qal 4,077 8] 41 S 38 06-25-91 3.35 S
02N02E28CADCO03 Qal 4,077 8] 55 S 53 05-25-91 3.80 S
02N02E28CADC04 Ts 4,077 H 245 S 235 06-25-91 3.32 S
02N02E28CBDDO01 Qal 4,050 H 50 (0] - 11-29-83 6 D
02N02E29AD 01 Qal 4,065 H 37 (0] - 05-20-86 5 D
02N02E29BABDO! Qal 4,050 H 27 (0] - 02-15-80 4 D
02N02E29BABDO02 Ts 4,050 H 100 P 60 02-14-86 8 D
02N02E29DD 01 Qal 4,078 H 30 (@) - - - -
02N02E30CDAAO! Ts 4,071 H 50 (6] - 07-14-93 5.59 S
02N0O2E32AAAAOQ] Qal 4,079 H 25 - - - - -
02NO2E32AAAAQ2 Qal 4,079 H 75 - - - - -
02NO2E35BBB 01 QAb 4,120 H - - - - - -
02N02E35DCD 01 Qal 4441 H 29 (0] -- 11-05-87 6 A
0INO1E04BCDCO1 Ts 4,170 H 141 - - - -

0INO2E04CB 01 Qal 4,105 S 21 - -- - - -
0INO2E04DCCCO01 Qal 4,118 H 44 (0] - 06-13-84 5 D
0INO2E06BCBAQI Ts 4,250 S 176 P 160 05-29-91 83.29 S
0INO2EO6DAA 01 Qal 4,100 S 40 P 29 10-15-76 4.5 D
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Source Specific pH, Water Date water-
cl?;;e of dis- conduct- field temper- N::::Ie, quaiity s?r::t?r-m Location number
(gal/min) charge ance, field (standard ature, field (mg/L as N) parameter quality data
data (uS/cm) units) (°C) measured
LOWER MADISON RIVER VALLEY--Continued
10 D 444 7.8 10.5 - 05-04-89 MBMG 02N02E17DDCC0!
- - 611 - 12.5 - 11-11-87 MBMG 02N02E19CBCCO01
- - 832 - 11.0 - 11-11-87 MBMG 02N02E19CCABO!
- - 848 - 13.0 - 11-11-87 MBMG 02N02E19CCB 01
- - 981 - 9.5 - 11-09-87 MBMG 02N02E19CCCBO01
- - 907 - 13.0 - 11-09-87 MBMG 02N02E19CCCB02
- - 597 7.6 15.0 - 05-03-89 MBMG 02N02E20CABCO01
- - 566 - 14.0 - 11-06-87 MBMG 02N02E20CBDCO01
- - 548 7.4 10.5 - 05-02-89 MBMG 02N02E20CCAAO01
- - 570 73 10.0 - 05-03-89 MBMG 02N02E20CDACO01
6.5 (0] 421 7.6 16.0 - 05-02-89 MBMG 02N02E20DAC 01
20 D 469 7.8 85 - 09-24-92 USGS 02N02E20DDCBO!
55 D 714 7.8 10.0 - 08-30-93 USGS 02N02E21ACDBO0!
- - 416 - 11.0 - 11-09-87 MBMG 02N02E22CCC 01
- - 425 - 115 - 11-09-87 MBMG  02N02E27CADDOI
20 D 658 - 12.0 - 11-05-87 MBMG 02N02E27CBC 01
- - 591 - 10.0 - 11-09-87 MBMG 02N02E27DCA 01
- - 603 - 12.0 - 11-09-87 MBMG 02NO02E27DCA 02
30 D 453 - 11.0 - 11-09-87 MBMG 02N02E27DCB 01
30 D 785 - 14.0 - 11-05-87 MBMG 02N02E28BC 01
30 D 801 - 12.0 - 11-05-87 MBMG 02N02E28BCD 01
-- - 737 7.2 10.0 - 09-17-93 USGS 02N02E28CADCO!
- - 727 7.1 9.5 - 08-31-94 USGS 02N02E28CADC02
-- - 710 7.2 13.0 - 08-31-94 USGS 02N02E28CADCO03
99 D 603 7.9 10.0 -- 08-31-94 USGS 02N02E28CADC04
30 D 925 7.6 11.0 - 05-04-89 MBMG 02N02E28CBDDO!
20 D 468 - 11.0 - 11-05-87 MBMG 02N02E29AD 01
23 D 753 - 9.5 - 11-15-83 MBMG 02N02E29BABDOI
15 D 573 1.7 10.0 - 05-03-89 MBMG 02N02E29BABD02
- - 505 - 10.0 - 11-10-87 MBMG 02N02E29DD 01
35 D 637 7.7 7.5 1.1 07-14-93 USGS 02NO02E30CDAAO0I
- - 523 - 9.0 - 11-10-87 MBMG 02N02E32AAAAQ!
- - 523 - 9.0 - 11-10-87 MBMG 02N0O2E32AAAAQ02
- - - - - - - MBMG 02N02E35BBB 01
- - 367 - 10.5 - 11-05-87 MBMG 02N02E35DCD 01
- - - - - -- - MBMG 0INO1E04BCDCO1
- - 480 - 6.5 -~ 05-20-88 MBMG 0INO2E04CB 01
50 D 677 - 11.0 - 06-13-84 MBMG 01N02E04DCCCO1
25 D 782 7.8 10.0 N 05-29-91 USGS 0INO2E06BCBAOI
45 D 757 - 12.0 - 11-15-83 MBMG 0INO02E06DAA 01
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Table 10. Records of wells along the Madison and upper Missouri Rivers in Montana (Continued)

Altitude of T
Location number Geologic land Primary Depthof Type of ::egf Date water Water level Source of
unit surface use of well finish  interval level (feet) water-level
(feet) water (feet) (feet) measured data
LOWER MADISON RIVER VALLEY-Continued

0INO2E07AACAOI] Ts 4,170 S 79 0 - 05-30-91 56.42 S
01NO2E10DBABO! Ts 4,135 H 45 - - - - -
01NO2E15DCBBOI Ts 4,160 H 40 o] - 11-24-70 6 D
0INO02E15DCBDO1 Ts 4,185 S 80 - - - - -
0INO2E15DD 01 Ts 4,280 H 102 (0] - 09-04-79 71 D
0INO2E16CBD 01 Qal 4,150 H - - - - - -
0INO2E19CDDDO1 Ts 4384 8] 303 P 240 08-31-73 220 D
0INO02E20AC 01 Ts 4,220 H 92 P 76 04-04-73 42 D
0IN0O2E20ADDBO1 Qal 4,155 H 60 6] - 07-1593 5.15 S
0IN02E21 ABBAO! Qal 4,145 H 32 (0] - - - -
0INO2E21ABBBO1 Qal 4,148 H - - - - - -
0INO2E22ABB 01 Ts 4,225 H 78 (0] - 04-10-84 55 D
0INO02E22ABBBO1 Ts 4,185 H 58 (6] - 08-18-74 27 D
0INO02E22BABAOQ!1 Qal 4,145 S 12 - - 08-10-93 3.70 S
0IN02E22BADDOI Ts 4,200 H 79 o] - 05-28-91 47.02 s
0IN02E22CA 01 Ts 4,155 H 73 (o} - 07-18-78 35 D
01N02E22CABDO1 Ts 4,190 S 108 - - 12-14-63 32 (0]
0IN02E22CDCCO01 Ts 4,190 H 90 (o} - 11-30-72 32 D
0INO02E27BBDA01 Ts 4225 H 145 P 125 04-02-80 75 D
01N02E27BCCBO1 Ts 4,215 H 48 (o} -- 11-06-87 36 R
0INO2E29DCA 01 Qal 4,180 H - - - - - -
0IN02E30DCACO1 Ts 4,404 U 320 P 300 05-30-91 213.67 S
0INO02E33DAB 01 Ts 4,239 H - - -- - -

01S02E03DCC 01 Ts 4,320 I 400 (6] - - - -
01S02E03DCCCO02 Ts 4,332 1 404 F 180 05-28-91 181.02 S
01S02E04AACCOI Qal 4225 H 55 - - - - -
01S02EO5AB 01 Qal 4,210 H 20 (0] -- - - -
01S02E08CDDCO1 Qal 4,240 H 100 - -- - -- -
01S02E10CAACO1 Ts 4,281 H 65 - - - - -
01S02E16DDA 01 -- 4,300 H 65 - - - - -
01S02E17AAABO1 Qal 4,245 H 80 - -- -- - -
01S02E17AAB 01 Qal 4,240 S 30 - - - - -
01S02E20CACCO1 Qal 4,288 S 21 - -- 07-15-93 5.79 S
01S02E20CBBAO1 Qal 4,281 H 63 (0} - 07-15-93 7.29 S
01S02E21DBDBO1 Ts 4,317 H 180 - - 12-30-63 50 (0]
01S02E22BCBC0! Ts 4,339 H 140 P 83 05-28-91 68.02 S
01S02E22BCCBOI Ts 4,340 H - - - - - -
0I1S02E29AAC 01 Qal 4,295 H 61 (o} - 08-02-81 8 D
01S02E29DDDBO01 Qal 4310 H 33 - - 11-05-87 21 A
02S02E05BAA 01 Qal 4,340 H 59 (6] - 10-29-81 21 D
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Dis- Source Specific pH, Water Date water-

Nitrate, Source of

of dis- conduct- field temper- . uall
(;:3:'3?‘) charge ance, field (standard ature,p:eld (mgflfl:l’s N) p:ramger quam:;e: ata Location number
data (uS/cm) units) (°C) measured
LOWER MADISON RIVER VALLEY-Continued
26 D - - - - - USGS 01NO2E07AACAQ!
- - 1,180 73 11.0 - 09-23-92 USGS 01N0O2E10DBABO1
60 D 769 -- 7.5 - 03-10-88 MBMG 01NO2E15SDCBBO1
- - 807 - - - 03-10-88 MBMG 01N02E15DCBDO01
21 D 1,000 73 13.0 - 05-05-89 MBMG 0INO2E15DD 01
- - 532 -- 10.5 - 11-09-87 MBMG 0IN02E16CBD 01
30 D - - - - - USGS 01N02E19CDDDO01
97 D 770 -- - - 05-20-88 MBMG 0IN02E20AC 01
20 D 515 7.5 10.0 v 07-15-93 USGS 01N02E20ADDBO1
-~ - 561 74 10.5 - 08-31-93 USGS 01N02E21ABBAO!
- - 543 -- 11.0 - 11-09-87 MBMG 0IN0O2E21ABBB0!
15 D 703 - -- - 05-19-88 MBMG 01NO2E22ABB 01
50 D 714 - - 10.5 03-10-88 MBMG 01N02E22ABBB01
- - -- - - - - USGS 0IN0O2E22BABAO1
40 D 736 7.6 12.5 12.5 05-28-91 USGS 0IN02E22BADDO1
30 D 606 - 16.5 - 05-19-88 MBMG 01NQ2E22CA 01
20 (0] 688 1.5 220 - 05-05-89 MBMG 0IN02E22CABDO!
40 D 628 7.5 135 - 09-23-92 USGS 0IN0O2E22CDCCO1
30 D 868 - 140 - 05-19-88 MBMG 01NO2E27BBDAOL
- - 543 - 13.0 - 11-06-87 MBMG 01N02E27BCCBO!
- - 470 - 8.5 -- 11-09-87 MBMG 01N02E29DCA 01
20 D - - - - - USGS 01NO02E30DCACO1
- - 690 - 10.5 - 11-06-87 MBMG 01NO02E33DAB 01
- - 1,340 - 16.0 -- 05-20-88 MBMG 01S02E03DCC 01
900 D 1,490 74 16.5 5.1 05-28-91 USGS 01S02E03DCCC02
- - 782 75 145 - 05-05-89 MBMG 01S02E04AACCO1
- - 510 - 10.5 -- 11-06-87 MBMG 01S02E05AB 01
25 R 424 - 11.0 - 11-06-87 MBMG 01S02E08CDDCO01
20 (0] 1,200 7.4 135 -- 08-31-93 USGS 01S02E10CAACO1
- - 1,820 - 9.5 - 05-20-88 MBMG 01S02E16DDA 01
- - 425 8.0 11.0 -- 08-30-93 USGS 01S02E17AAABO!
-- - 473 - 10.0 - 11-09-87 MBMG 01S02E17AAB 01
il S 793 75 11.0 5.5 07-15-93 USGS 01S02E20CACCO01
35 D 432 7.8 11.0 1.1 07-15-93 USGS 01S02E20CBBAO!
25 (0] 540 7.6 17.0 - 05-09-89 MBMG 01S02E21DBDB01
20 D 1,340 74 145 17.2 05-28-91 USGS 01S02E22BCBC01
- - 1,140 75 17.0 - 05-05-89 MBMG 01S02E22BCCB0!
30 D 516 - 11.5 - 11-05-87 MBMG 01S02E29AAC 01
- - 553 - 11.5 - 11-05-87 MBMG 01S02E29DDDBO0!
20 D 375 -- 11.0 - 06-13-84 MBMG 02S02E05BAA 01
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Table 10. Records of wells along the Madison and upper Missouri Rivers in Montana (Continued)

Aititude of Top of

Location number  Gedlogic land — TLOEY DRl typeor  open  PHIIET watertevel JTUEEC
unit surface water (feet) finish  interval measured (feet) data
(feet) (feet)
LOWER MADISON RIVER VALLEY--Continued
02S02E05BDBBO! Qal 4,335 H 60 0 - 09-23-92 23.21 S
02S02E05CAADO1 Qal 4,353 H 62 (0] - - - -
02S02E05CC 01 Qal 4,260 H 62 (6] - 05-03-84 40 D
02S02EQ5CCC 0t Qal 4,350 H 54 (0] - 08-23-73 8 D
02S02E05CDA 01 Qal 4,350 H 63 (0] - 05-10-84 43 D
02S02E19BA 0t Qal 4,360 H - - -- - - -
SOUTHERN PART OF THE TOWNSEND VALLEY
07N02E03ADDAO! Ts 3,895 H 75 P 70 05-15-91 60.59 S
07NO02E03BCBAO1 Qal 3,815 H 60 - - 05-04-89 40 A
07N0O2E09AABBO! Qal 3,815 H 42 (0] - 03-17-79 18 D
07N02E15CBABO! Qal 3,880 H 99 (6] - 05-14-91 88.69 S
07N02E20DDCDOI Qal 3,820 H 40 - - - - -
07N02E21 DCDDOI Ts 3,868 H 162 (6] -- 08-04-93 67.16 S
07N02E29CABCO! Qal 3,819 H 32 P 28 12-04-68 12 D
07N02E29DDCDO! Qal 3,835 H 43 P 23 09-02-88 7 D
07N02E30ACBCO1 Qal 3,805 H 52 0 - 06-08-93 403 S
07N02E30CDDAO! Qal 3,820 S 57 (6] - 06-08-93 3.66 S
07N02E31BDADO1 Qal 3,823 H 23 - - 06-08-93 6.57 S
07N02E31DCDAOI Qal 3,821 S - - - 06-09-93 7.82 S
07N02E32BADBO! Qal 3,825 H 39 (0] - 06-08-93 9.41 S
07N02E32CADAO! Qal 3,825 H 100 (0] - 06-07-93 4.60 S
07N02E33ABCDO! Ts 3,890 I 99 P 94 05-17-72 57 D
07N02E33CBBCO! Qal 3,838 H 33 P 28 06-07-93 3.36 S
07N02E33CDDAOI’ Qal 3,842 H 105 - - - - -
06N02E0SBBACO1 Qal 3,830 H 98 P 78 06-07-93 394 S
06N02E05SBBCBO! Ts 3,825 H 140 S 130 06-08-93 6.08 S
06N02EOSAACCO! Qal 3,860 H 40 (8] - 06-07-93 10.42 S
06N02E08DCBCO! Qal 3,840 H 40 (6] - 06-09-93 4.62 S
06N0O2EQ9BACDO! Ts 3,875 H 110 - - 10-21-92 17.30 S
06N02E16BBAAO! Qal 3,865 H 39 (6] - 06-10-93 14.65 S
06N02E21DAAAD] Qal 3,880 H 40 (6] - 07-08-76 20 D
06N02E26CBBBO1 Qal 3,932 H 120 [¢] - 06-10-93 62.42 S
06N02E27BDCBO1 Qal 3,885 H 41 (6] - 06-11-93 24.31 S
06N0O2E34BDBBO1 Qal 3,889 H 56 ) - 06-10-93 21.81 S
05NO01E22BBABO! Ts 4,145 S 82 (6] -- 06-16-79 4.60 R
05N01E24BDD 01 Qal 4,020 S 43 P 30 06-17-79 8.60 R
05NOIE27BDA 0l Ts 4,115 I 354 P 50 05-01-91 58.15 S
05NOIE28BCAAQ! Ts 4,235 1 340 P 152 05-17-91 169.30 S
05NO1E33BACDO1 Ts 4,177 1 255 P 152 04-30-91 129.61 S
05N02E03ACDCO1 Qal 3,905 S 58 (0] - 10-19-92 30.28 S
05NO2E04DBDAO1 Qal 3,380 U - - - 06-11-93 5.87 S
05N02E05BDCBO1 Qal 3,894 H 30 - -- - - -
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Dis- Source Specific pH, Water Nitrate, Date water- Source of
charge ot dis- conduct- field temper- tield quallty water- Location number
(gal/min) charge ance, field (standard  ature, fleld (mg/L as N) parameter quality data
data (uS/cm) units) (°C) measured
LOWER MADISON RIVER VALLEY--Continued
60 D 362 7.7 13.0 - 09-23-92 USGS 02S02E05BDBBO01
20 D 414 7.8 13.5 - 08-31-93 USGS 02S02E05CAADOI
25 D 382 - 10.0 - 11-05-87 MBMG 02S02E05CC 01
40 D 399 -- 9.0 - 11-05-87 MBMG 02S02E05CCC 01
15 D 386 - 1.5 - 11-05-87 MBMG 02S02E05CDA 01
- - 512 - 11.5 - 11-05-87 MBMG 02S02E19BA 01
SOUTHERN PART OF THE TOWNSEND VALLEY
36 D - - - - - USGS (07NO2E03ADDAO1
- - 478 715 140 - 08-04-93 USGS 07N02E03BCBAO!
60 D 647 72 11.5 - 08-12-93 USGS 07N02E09AABBO1
25 D 613 7.6 10.5 6.6 05-14-91 USGS 07N02E15CBABO1
- - 635 1.5 11.5 - 08-04-93 USGS 07N02E20DDCDO01
20 D 524 1.7 10.5 - 08-04-93 USGS 07N02E21DCDDO1
30 D 687 75 11.5 - 10-21-92 USGS 07N02E29CABC01
35 D 414 7.9 13.0 7 06-23-93 USGS 07N02E29DDCDO!
50 D 694 7.5 1.5 - 06-08-93 USGS 07N02E30ACBCO1
40 D 618 7.5 10.0 - 06-08-93 USGS 07N02E30CDDAO1
75 S 597 7.6 9.5 .5 06-08-93 USGS 07N02E31BDADO1
43 S 636 74 9.5 9 06-09-93 USGS 07N02E31DCDAO1
60 D 595 77 - - 06-08-93 USGS 07N02E32BADBO!
- - 451 7.8 9.5 - 06-07-93 USGS 07N02E32CADAO!
25 D 588 7.6 12.0 - 08-04-93 USGS 07N02E33ABCDO1
30 D 475 7.7 8.5 0 06-07-93 USGS 07N02E33CBBCO0!
- - 538 7.7 11.0 - 08-04-93 USGS 07N02E33CDDAO!
30 D - - 12.5 - 06-07-93 USGS 06N02EO05SBBACO1
15 D 593 8.0 12.5 7 06-08-93 USGS 06N0O2EOSBBCBO1
30 D 578 7.4 12.5 - 06-07-93 USGS 06NO2E0S8AACCO1
30 D 512 7.5 8.5 8 06-09-93 USGS 06NO2E08SDCBCO1
- - 478 7.7 11.0 - 10-21-92 USGS 06N02E09BACDO!
100 D 604 15 10.0 28 06-10-93 USGS 06N02E16BBAAO1
30 D 573 7.5 12.0 2.7 06-10-93 USGS 06N02E21DAAAO!
75 D 425 7.9 11.0 .8 06-10-93 USGS 06N02E26CBBB01
15 D 715 7.6 11.0 7.8 06-11-93 USGS 06N02E27BDCBO1
35 D 848 7.3 12.5 3.0 06-10-93 USGS 06N02E34BDBBO01
17 D - -- -- - - MBMG 05N01E22BBABO1
20 D 255 7.8 95 - 06-17-79 MBMG 05NO1E24BDD 01
1,500 D - -- - - - USGS 05NO1E27BDA 01
1,600 D - - -- - - USGS 05NO1E28BCAAO!
1,020 S - - - - - USGS 05N01E33BACDO!
52 D 849 72 120 - 10-19-92 USGS 05N02E03ACDCO1
- - - - - -- - USGS 05N02E04DBDA01
- 597 7.6 10.0 - 10-21-92 USGS 05N02E05BDCBO1
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Table 10. Records of wells along the Madison and upper Missouri Rivers in Montana (Continued)

Altitude of Top of

Location number Geologic land Primary  Depth of Typeof  open Date water Water level Source of
unit surface use of well  finish  Interval fevel (feet) water-level
(feet) water (feet) (feet) measured data
SOUTHERN PART OF THE TOWNSEND VALLEY-—Continued
05N02E10CBCCO01 Qal 3,898 S 48 - -- 06-11-93 12.95 S
05N02E15DACBO1 Qal 3,903 I - - - 07-12-93 14.14 S
05N02E20CAAAOQ1 Qal 3,935 H 56 (0] -- 06-23-93 2.53 S
05N02E22CBBAO1 Qal 3,915 H 39 (0] -- 10-20-92 11.07 S
05N02E23BBDAO! Qal 3,898 H 34 (0] -~ 06-11-93 4.66 S
05N02E23DBBBO01 Qal 3,925 H 53 (0} -- 07-14-93 35.82 S
05N02E23DBCAO1 Qal 3,930 H 55 o} - 10-19-92 41.85 S
05N02E27ADDAO1 Qal 3,925 H 39 0 -- 06-24-75 15 D
05N02E28ACDAO!1 Qal 3,941 H 35 (0} -- 05-04-89 20 A
05N02E28BBCC01 Qal 3,942 S 27 (0} -- 07-14-93 8.42 S
05N02E28CDDDO1 Qal 3,962 H 65 0 - 05-04-89 20 A
05N02E32DAADO1 Qal 3,968 H 35 (0} -- - -- -
05N02E33DACAO1 Ts 4,021 H 148 - - -- - -
04N01E02BBCCO01 Ts 4,075 I 191 P 100 04-30-91 56.54 S
04NO01E04ADBBO1 Ts 4,165 I 400 P 166 06-29-79 117.80 R
04NO1E09CAB 01 Ts 4,195 S 253 - -- 06-20-79 172.70 R
04NO1E12BADDO1 Ts 4,040 S 40 (0] -- 09-16-79 7.90 R
04NO01E23BAC 01 Ts 4,127 I 345 P 140 05-01-91 78.14 S
04NO1E23BBB 01 Ts 4,045 I 322 F 140 06-28-80 65.20 R
04NO2E05CBCCO01 Ts 4,012 H 95 - -- - - -
04N02E05CDDCO01 Qal 4,042 H 35 - -- - - -
04N02E16AAA 01 Ts 4,240 S 323 P 265 06-29-79 231.90 R
04NO2E18ACACO1 Ts 4,105 S 109 - - 06-12-79 70.20 R
HELENA VALLEY
11INO4W25AABAO1 Qal 3,784 H 74 P 64 -- - -
11N04W25DDDDO1 Qal 3,733 U 20 T 17 08-07-95 11.53 S
1IN0O4W36ACCAOI QAb 3,785 H 86 X 72 - - -
11NO3W14BBBB01 QAb 3,768 H 110 (0] - 04-27-95 69.97 S
11INO3W15CBCCO12 Qal 3,698 U 16 - - 04-08-92 5.72 S
1INO3W15DCDDO1 Qal 3,666 U 24 T 20 04-08-92 6.83 S
11N03W16BBBBO1 QAb 3,785 H 125 - - 07-26-95 52.94 S
11N03W17DDCCO1 Qal 3,722 H 36 P 27 08-08-89 15 A
11INO3W18ADDDO1 Qal 3,782 H 62 (0} - - - -
11N03W21BAAAO13 Qal 3,690 U 46 T 42 04-08-92 3.18 S
11NO3W21DDADOI1 Qal 3,663 U 65 T 61 04-08-92 6.59 S
11NO3W22BBCB02 Qal 3,670 U 48 G 33 04-08-92 9.72 S
11IN03W25DDBDO01 Qal 3,664 H 40 - -- - -
1INO3W28DAADO1 Qal 3,661 U 6.5 S 5 08-07-95 4.85
1INO3W29ABBAOI Qal 3,705 S 50 - - -- - -
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Dis-  Source Specific PH, Water Nitrate, Date water- Source of
charge of dis- conduct- field temper- field quality water- Location number
(gal/min) charge ance, field (standard  ature, field (mg/L as N) parameter quality data
data (uS/cm) units) (°C) measured
SOUTHERN PART OF THE TOWNSEND VALLEY—Continued
15 S 618 7.9 9.5 35 06-11-93 USGS 05N02E10CBCCO01
- - 515 7.7 8.5 2.1 07-12-93 USGS 05N02E15DACBOI
30 D 262 7.4 11.0 4 06-23-93 USGS 05NO2E20CAAAOQ1
22 D 1,020 7.5 10.0 - 10-20-92 USGS 05N02E22CBBAO1
25 D 473 7.6 10.0 N 06-11-93 USGS 05N02E23BBDAOI
20 D 513 7.8 14.5 -- 07-14-93 USGS 05N02E23DBBB01
32 D 571 7.5 13.0 - 10-19-92 USGS 05N02E23DBCAO01
35 D 722 7.7 115 4.1 07-12-93 USGS 05N02E27ADDAO1
20 D 931 7.7 11.5 38 07-14-93 USGS 05N02E28ACDAOQ1
30 D 654 7.7 9.0 7 07-14-93 USGS 05N02E28BBCCO1
20 D 918 7.5 11.5 - 08-10-93 USGS 05N02E28CDDDO1
20 D 876 7.5 105 -- 09-08-93 USGS 05N02E32DAADO1
- - 698 7.8 11.5 -- 10-20-92 USGS 05N02E33DACAQ1
2,000 D - - - -- - USGS 04NO1E02BBCCO1
- - 2,540 83 18.0 - 06-29-79 MBMG 04N01 EQ4ADBBO1
12 R 795 7.7 13.5 - 06-20-79 MBMG 04NO1E09CAB 01
20 D 588 7.8 7.0 -- 09-15-79 MBMG 04NO1E12BADDO1
3,420 D - - - - - USGS 04NO1E23BAC 01
3,420 D 583 7.6 10.5 - 06-28-79 MBMG 04NO1E23BBB 01
- - 837 7.7 11.5 - 08-10-93 USGS 04N02E05CBCCO01
- - 842 7.6 12.5 32 07-14-93 USGS 04N02E05CDDCO01
4 D 830 7.8 12.5 - 06-29-79 MBMG 04N02E16AAA 01
1.7 R 405 8.2 15.0 - 06-12-79 MBMG 04N02E18ACACO1
HELENA VALLEY
35 D 385 7.7 14.5 - 08-09-95 USGS 1IN04W25AABAO]
- - 400 -- - - 08-22-88 USGS 1IN04W25DDDDO01
-- - 400 7.8 14.0 - 08-09-95 USGS 1IN04W36ACCAOQ!
18 D 422 7.9 13.0 -- 08-09-95 USGS 1INO3W14BBBB01
- - - - - - - USGS 11N03W15CBCC012
- - 680 -- 13.0 - 08-05-88 USGS 1IN0O3W15DCDDO01
12 S 866 - 10.5 24 11-03-93 USGS 1IN03W16BBBB01
12 D 525 7.6 10.5 23 06-30-93 USGS 11N03W17DDCCO1
20 D 409 7.7 15.0 - 08-09-95 USGS 1IN03W18ADDDO1
- - 410 - 13.0 -- 08-08-88 USGS 11N0O3W21BAAAO13
- - 510 -- 8.5 - 08-18-88 USGS 1IN0O3W21DDADO1
1.6 S 1,790 7.5 10.0 - 08-07-90 USGS 1IN03W22BBCBO02
- - 420 - 9.5 -- 06-30-88 USGS 11N03W25DDBDO1
- - 580 - - -- 05-19-95 USGS 1INO3W28DAADO!
-- - 615 7.6 10.0 - 06-28-93 USGS 1INO3W29ABBAO1
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Table 10. Records of wells along the Madison and upper Missouri Rivers in Montana (Continued)

Altitude of Top of

Prima Depth of Date water
Location number Ge::::;lc s:::fna%e use o'fy \zell ’I;)if:rs:f Irsz::al level Wa:g;te)vel 33::323;
(feet) water (feet) (feet) measured data
HELENA VALLEY-Continued
11IN03W29BBACO1 Qal 3,719 H - - - - - -
1INO3W30BAAAO1 Qal 3,747 U 24 T 20 08-21-91 17.85 S
11NO3W30DBCAO1 Qal 3,728 H 35 - - 05-03-89 14.46 S
1INO3W31BADDO1 Qal 3,716 U 160 P 43 06-13-91 5.30 S
11NO3W33ADDBO0I1 Qal 3,672 U 8.3 S 6 08-04-95 3.00 S
11INO3W33BBAAO2 Qal 3,679 U 25 P 20 06-13-91 333 S
1INO3W33BBAAO3 Qal 3,678 U 55 P 45 08-20-90 3.68 S
1IN0O3W33DDDCO01 Qal 3,683 U 58 P 53 04-08-92 1.21 S
11N03W33DDDC02 Qal 3,682 U 29 S 19 04-08-92 1.87 S
1INO3W35DACCO1 Qal 3,678 U 29 S 19 04-08-92 3.69 S
11N02W30DCADO1 Qal 3,693 U 45 T 41 04-08-92 28.96 S
1IN0O2W31ACAAOL Qal 3,700 U 44 T 40 04-08-92 30.67 S
11N0O2W31BCCBO1 Qal 3,673 H 40 (0] - 01-22-91 4.88 S
10N04W01DCADO1 QADb 3,795 P 95 P 70 04-13-91 51.48 S
10NO4W12AACDO1 Qal 3,800 P 67 P 42 09-29-89 6.46 S
10N0O4W13ACCDO1 Qal 3,831 U 19 0 - 04-08-92 8.70 S
10N03W02BCDDO!1 Qal 3,700 H 35 - - - - -
10N03W02DDDD03 Qal 3,720 U 25 S 20 08-07-95 10.35 S
10NO3WO03BACBO02 Qal 3,683 U 24 T 21 06-13-91 2.77 -
10N03W04DCCDO1 Qal 3,704 U 55 P 45 06-13-91 1.62 S
10NO3W04DCCD02 Qal 3,704 U 25 P 15 06-13-91 4.88 S
10NO3W05CCDDO1 Qal 3,743 U 23 T 19 09-13-93 7.51 S
10NO3W06DBAAO1 Qal 3,747 U 34 T 30 04-08-92 21.67 S
10N0O3W06DBAAQ2 Qal 3,747 8] 62 T 58 04-08-92 21.48 S
10NO3W11DDCC02 Qal 3,753 U 78 G 73 04-08-92 28.05 S
1O0N03W16DBADO1 Qal 3,756 U 44 T 40 04-08-92 12.36 S
10NO3W16DCCCO02 Qal 3,780 H 72 (o) - 04-28-95 36.59 S
10NO3W17ABBBO0! Qal 3,772 U 28 T 24 08-07-95 20.17 S
10NO3W17CCCCOl Qal 3,837 U 140 X 120 06-13-91 1.40 S
10NO3WI18AADAO1 Qal 3,790 U 54 S 44 08-09-95 34.01 S
10NO3W23DAADOI Qal 3816 U 180 - - 12-16-92 45.83 S
10NO3W24BBBCO1 Qal 3,800 U 58 (o) - 08-09-95 32.85 S
10N02WO03BBABO1 Ts 3,820 H 100 X 100 08-08-95 74.15 S
10N02WO06AADCO1 Ts 3,735 H 180 P 140 08-08-95 30.14 S
10NO2W07BBBB01 Qal 3,717 U 24 T 20 08-07-95 6.92 S
10N0O2W18DDCDO1 Ts 3,784 H 70 (o} -- 09-13-93 50.87 S
10NO2W19ADBBO1 Qal 3,798 I - - - 08-10-95 60.95 S

1Data for this site originally published in Dutton and others (1995) as well number 05501 W28BCABO1. WATSTORE location number is

05S01 W28BACBOL.
2Data for this site originally published in Briar and Madison (1992) as location number 1103W15CCBCOI. WATSTORE location number is

1INO3W15CBCCO1.
3Data for this site originally published in Briar and Madison (1992) as location number 11NO3W21BBAAOI. WATSTORE location number is

1INO3W2IBAAAOL.
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Source

Specific

PH,

Water

Date water-

cl?alfge :l:: Is- condu_c t field tempe.r- N:::ttle, quality s?r::tce?'-m Location number
(gai/min) rge ance, fieid (standard  ature, field (mg/L as N) parameter quality data
data (uS/cm) units) (°C) measured
HELENA VALLEY-Continued

- - 540 - 10.0 - 05-05-89 USGS 1INO3W29BBACO1
- - 445 - 15.0 - 08-10-88 USGS 1INO3W30BAAAO!L
-- - 720 - 9.0 -- 05-03-89 USGS 1IN03W30DBCAO01
500 D - - - - - USGS 1INO3W31BADDO1
- - 528 - - - 05-16-95 USGS 11NO3W33ADDBO0!
15 S 315 6.8 9.0 - 08-16-90 USGS 11INO3W33BBAA(2
70 S 411 7.1 9.0 -- 08-16-90 USGS 11N0O3W33BBAAOQ3
15 S 360 7.3 10.0 - 05-25-90 USGS 11N03W33DDDCO01
60 S 366 73 8.0 - 08-06-90 USGS 11IN03W33DDDC02
60 S 897 7.2 9.0 -- 08-06-90 USGS 1INO3W35DACCO01
- - 410 - 10 - 08-08-88 USGS 11N02W30DCADO1
- - 330 -- 13.0 - 08-08-88 USGS 1INO2W31ACAAOQ1
13 S 372 6.9 9.5 - 01-22-91 USGS 1IN02W31BCCBO!
35 D 550 8.0 12.0 - 10-14-80 USGS 10N04W01DCADO!
300 S - - - - - USGS 10N04W12AACDO!1
1.5 S 460 15 8.0 -- 01-23-91 USGS 10N04W13ACCDO1
- - 300 - 9.5 - 07-25-88 USGS 1ONO3W(02BCDDO1
10 S 480 7.1 12.0 - 08-14-90 USGS 10N03W02DDDDO03
- - 590 - 8.5 - 08-17-88 USGS 10NO3W03BACB02
20 S 462 7.5 9.5 - 08-07-90 USGS 10NO3W04DCCDO1
20 S 641 7.5 8.5 - 08-07-90 USGS 10N03W04DCCDO02
- - 468 74 9.0 -- 09-25-90 USGS 10N03W05CCDDO1
- - 540 7.0 8.0 - 11-03-90 USGS 10NO3W06DBAAO!
- - 407 6.9 9.0 - 11-03-90 USGS 10NO3WO6DBAAO2
1.6 S 415 7.1 10.5 - 08-09-90 USGS 10NO3W11DDCCO02
- - 565 - 11.0 -- 08-10-88 USGS 10NO3W16DBADO1
7.5 S 425 8.0 13 - 08-13-90 USGS 10N03W16DCCCO02
- - 365 - 14.0 - 08-11-88 USGS 10N03W17ABBB0!
30 D - - - - - USGS 10N03W17CCCCO01
-- - 400 1.7 13.5 - 08-09-95 USGS 10NO3W18AADAOQ!
-- - 325 7.2 10.0 - 08-09-90 USGS 10N03W23DAADO!
12 D - 7.4 11.0 - 06-20-83 USGS 10N0O3W24BBBC01
15 D 398 7.9 115 - 08-08-95 USGS 10N02W03BBABO!1
50 D 390 7.7 13.0 - 08-08-95 USGS 10N02W06AADCO!
- - 390 6.6 17.0 - 08-17-90 USGS 10N02WO07BBBB01
15 D 420 75 9.5 - 06-14-83 USGS 10N02W18DDCDO01
- - 404 1.5 13.5 - 08-10-95 USGS 10N02W19ADBBO1
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Table 11. Physical properties and common-constituent concentrations in ground water along the Madison and upper Missouri
Rivers in Montana

[Constituents are reported as dissolved, except as indicated and values are rounded according to standard USGS procedures. Analyses by Montana Bureau of
Mines and Geology Analytical Division, Butte, Mont. Analyses in the upper Madison River Valley for 08-17-92 through 08-19-92 and in the lower Madison
River Valley for 08-15-91 were analyzed by the U.S. Geological Survey, National Water Quality Laboratory, Arvada, Colo. Location number: described in
text. Geologic unit: Qal, alluvial deposits (Quaternary); Ts, sedimentary deposits (Tertiary); QAb, bedrock (Quaternary to Archean). Collecting agency:
MBMG, Montana Bureau of Mines and Geology; USGS, U.S. Geological Survey. Abbreviations: °C, degrees Celsius; pS/cm, microsiemens per centimeter
at 25 °C; mg/L, milligrams per liter. Symbols: <, less than minimum reporting level; --, no data]

Spe-
cific H, Oxygen,
Geo- Sampie ™ f‘i)eld T:::’::r' xgig- Calcium Msa'g:‘e- Sodium Ps?tnnnsn-
Location number logic date duct- (stand- wate; sofved, (mg/L (mgiL (mg/L (mgiL
unit ance, ard (°C) fieid as Ca) as Mg) as Na) as K)
fieid units) (mg/L)
(uS/ecm)
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY

04S01W30BA 01 Ts 08-18-92 299 7.4 11.0 8.1 37 8.8 8.7 3.2
05S01 WO04ABDDO1 Ts 09-01-93 464 73 12.0 5.6 - - - -
05S01W04BAABO1 Qal 09-24-92 424 7.3 10.0 43 47 14 22 3.8
05S01W04DBABO01 Ts 09-02-93 466 7.4 10.0 4.6 61 14 22 4.0
05S01W04DDDBO01 Qal 08-17-92 290 8.1 12.0 9 34 9.0 11 3.1
05S01W23DABA0! Qal 08-18-92 381 7.8 10.0 8.4 50 12 11 1.5
05S01W28BACBO12 Qal 09-22-92 563 7.9 14.0 0.0 61 12 26 12
05S01W28DBDDO1 QADb 06-30-82 - 7.7 - - 52 2 330 15
05S01W28DCCBO1 Ts 09-01-93 464 7.6 13.5 5.6 -- -- - -
05801 W33CBCBO1 Qal 08-17-92 363 79 12.5 6.9 40 13 12 3.7
06S01W03AABAO! Qal 09-01-93 572 1.6 9.5 5.5 69 26 14 2.7
06S01W03CDADO! Qal 09-01-93 420 7.8 9.0 1.9 -- - -- -
06S01 W04ACCBO1 Ts 08-17-92 427 7.9 11.5 6.3 43 16 18 6.5
06S01W04CCDBO1 Ts 09-02-93 378 7.6 11.5 6.3 -- - - -
06S01 WOSCADDO! Ts 09-22-92 443 7.9 11.0 9.5 48 13 15 8.3
06S01W08DABDO1 Qal 08-19-92 421 7.7 11.5 5.6 44 10 28 4.6
06S01W10ABACO1 Qal 09-02-93 606 7.6 9.0 7.7 75 25 12 2.7
06S01W23BBACO1 Qal 09-22-92 489 7.8 10.0 7.8 58 24 9.2 22
06S01 W30DADDO1 Qal 09-01-93 412 7.8 13.0 7.5 - - - -
06S01E31CAACO1 Ts 08-18-92 660 7.6 14.0 7.4 79 34 7.0 1.9
07S01W06BBACO!1 Ts 09-21-92 476 7.6 13.0 8.5 57 18 17 4.7
07S01W12DBBCO0! Ts 09-25-92 326 7.9 9.5 8.3 42 11 7.0 1.7
07S01W17BCBD01 Ts 08-19-92 477 77 11.5 7.9 55 21 13 23
07S01W20CBAAO! Qal 09-21-92 549 7.4 8.5 3.8 67 21 20 2.5
08S01W25BBC 01 Qal 08-19-92 269 79 13.0 7.5 31 59 21 2.6
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Alka- Dis-

by Cabe uniy!  Puk O PUC siica  sowed  Nirate  Collect-

(mg/Las  (mglL {mg/L (mglL (mglL (mg/L a(smsg'/(;. ?'llds’ (mg'iL ing Location number
HCO) 8sCO) g @3S0 asC)  esP) 2) oo = ) agency

(mg/L)
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY
137 0 113 19 13 02 23 181 - USGS  04S01W30BA 01
223 0 182 - 16 - - - - USGS  05S01WO04ABDDOL
220 0 180 23 12 7 26 258 042  USGS  05S01WO4BAABOI
261 0 213 17 16 12 26 291 42 USGS  05S01WO4DBABOI
147 0 120 19 8.1 3 24 181 - USGS 05S01W04DDDBO01
193 0 158 33 72 2 11 21 - USGS  05S01W23DABAOI
166 0 136 110 2 4 41 366 <20  USGS  05S01W28BACBOI2
- - - 20 120 10 110 1,030 - MBMG  05S01W28DBDDOI

215 0 174 - 19 - - - - USGS  05S01W28DCCBOI
161 0 132 28 19 3 36 232 - USGS  05S01W33CBCBOI
274 0 222 69 76 4 18 346 70 USGS  06S01WO3AABAOI
218 0 181 - 88 - - - - USGS  06S01WO03CDADOI
183 0 150 45 17 6 41 278 . USGS  06S01WO04ACCBOI
191 0 156 - 12 - - - - USGS  06S01W04CCDBOI
161 0 132 33 3 <4 57 292 133 USGS  06S01WO0SCADDOI
206 0 169 22 15 1.9 38 265 - USGS  06S01W0SDABDOI
278 0 228 90 55 4 18 368 58  USGS  06S01WI0ABACOI
212 0 174 76 39 3 17 297 37 USGS  06S01W23BBACOI
212 0 172 - 12 - - - - USGS  06S01W30DADDOI
192 0 157 180 5.7 S 14 417 - USGS 06S01E31CAACO1
215 0 176 41 17 6 34 297 51 USGS  07SO1WOSBBACOI
181 0 149 15 52 <4 13 187 61  USGS  07S01WI2DBBCOI
220 0 180 67 59 6 17 291 - USGS  07S01WI17BCBDOI
283 0 232 40 10 3 17 320 48  USGS  07SO1W20CBAAO!
134 0 110 18 13 1.6 30 189 - USGS  08S01W25BBC 0l
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Table 11. Physical properties and common-constituent concentrations in ground water along the Madison and upper Missouri
Rivers in Montana (Continued)

o pH 0
cific X en,
Geo- g oM flld th““,‘r’:' e Calclum M:iﬂ:‘:' Sodium Ps"’l‘:::‘
Location number logic date duct-  (stand- W ate; so_lved, (mg/L (mg/L (mg/L (mglL
unit apce, ard (°C) field as Ca) as Mg) as Na) as K)
fieid units) (mg/L)
(uS/cm)
LOWER MADISON RIVER VALLEY
02NO1E0S8DDCAO1 Ts 11-10-83 2.270 - - - 230 20 280 23
02NO1E17DAADO1 Ts 11-10-83 2,730 - - -- 190 19 410 26
02N01E24BADAO1 Qal 12-28-83 -- - - -- 86 20 21 3.0
02NO1E24DDAAO! Qal 11-14-83 599 -- -~ - 74 19 25 3.9
02NO1E25AACCO1 Ts 11-09-83 479 - 10.5 - 54 10 26 12
02NO1E25AB 01 Qal 07-02-84 304 - 10.0 - 54 15 17 3.6
02N01E25BDBBO1 Qal 11-16-83 494 - - - 69 15 24 6.0
02NO1E26AA 01 Qal 07-02-84 425 - 9.0 - 89 22 30 34
02N01E26DCDCO1 Qal 12-28-83 -- - - -- 100 27 43 4.1
02N01E27BCCBO1 Qal 11-09-83 1,110 - - - 140 30 100 4.6
02N01E27CBD 01 Qal 11-10-83 533 - - - 66 19 20 3.2
02NO1E34AAADO! Qal 11-09-83 595 - - - 76 19 26 3.5
02NO1E34AABAOI Qal 11-16-83 858 -~ 11.5 - 100 26 48 38
02NO1E35BABAO1 Qal 11-11-83 1,630 - - - 81 11 320 9.2
02NO1E35BABA02 Qal 11-11-83 771 - -- -- 94 24 43 3.7
02N01E36BCBDO1 Ts 11-09-83 1,280 - 10.5 - 6.5 .8 300 8.8
02N01E36BCDDO1 Qal 11-08-83 811 - - - 97 26 57 5.8
02NO1E36CBA 01 Qal 11-09-83 1,300 - -- - 140 36 120 5.5
02N02E09CBDAO1 Qal 11-14-83 426 - - - 55 15 9.4 3.0
02N02E1 7DDCCO0! Ts 05-04-89 444 7.8 10.5 -- 35 7.6 45 6.2
02N02E20CABCO1 Qal 05-03-89 597 7.6 15.0 - 33 10 75 10
02NO2E20CCAAO1 Qal 05-02-89 548 74 10.5 - 59 11 48 4.5
02N02E20CDACO1 Qal 05-03-89 570 73 10.0 -- 56 12 47 6.2
02N02E20DAC 01 Qal 05-02-89 421 7.6 16.0 -- 45 10 34 4.3
02N02E20DDCBO1 Qal 09-24-92 469 7.8 8.5 3 4] 9.1 44 10
02N02E21ACDBO1 Qal 08-30-93 714 7.8 10.0 1 70 16 56 8.1
02N02E28CADCO01 Qal 05-04-89 819 74 8.0 - 68 20 61 7.0
02N02E28CADCO1 Qal 09-25-92 834 7.1 12.0 -- 67 18 85 8.8
02N02E28CADCO1 Qal 09-17-93 769 7.4 11.5 .1 - - - -
02N02E28CADCO1 Qal 08-31-94 733 7.3 10.0 -- 66 18 80 7.8
02N02E28CADC02 Qal 09-17-93 737 7.2 10.0 .1 71 17 62 6.2
02N02E28CADC02 Qal 08-31-94 727 7.1 9.5 -- 76 19 64 6.6
02N02E28CADCO03 Qal 08-15-91 732 7.1 10.5 -- 73 18 57 7.6
02N02E28CADC03 Qal 09-17-93 723 72 12.0 2 74 18 53 7.2
02N02E28CADCO03 Qal 08-31-94 710 7.2 13.0 - 77 19 55 7.5
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Alka- Dis-

prcar, Care linity! - Cne- P Silca saved Nirste Coliect-

(mglLas (mgiL (mg/L (mg/L (mg/L (mglL agrég'g.) ::::l'lds, (mg':L ing Location number
HCO;) asCO3) . o) SO,) asCi) asF) 2 Iat:: asN)  agency

(mg/L)
LOWER MADISON RIVER VALLEY
276 - - 920 90 2 58 1,760 01  MBMG  02NOIEOSDDCAOI
198 - - 1,200 88 5 17 2,020 02  MBMG O02NOIEI7DAADOI
332 - - 54 51 2 29 384 48  MBMG  02NOIE24BADAOI
313 - - 47 1 3 26 362 10 MBMG 02NOIE24DDAAOI
210 - - 55 12 3 60 335 01  MBMG 02NOIE25AACCOI
238 - -- 36 6.0 4 28 280 02 MBMG 02NOIE25AB 01
245 - - 66 14 3 28 343 07 MBMG 02NOiE25BDBBO!
321 - - 91 19 4 28 442 09  MBMG 02NOIE26AA 0l
334 - - 150 21 2 23 542 47  MBMG  02NOIE26DCDCOI
373 - - 260 50 5 25 880 18 MBMG  02NOIE27BCCBO!
269 - - 52 8.7 3 2 325 03 MBMG 02NOIE27CBD 01
281 - - 77 14 4 23 379 .09 MBMG  02NO1E34AAADO]
346 - - 150 27 5 24 549 12 MBMG O02NOIE34AABAOI
245 - . 560 130 5 17 1,250 05 MBMG 02NOIE3SBABAOI
332 - -- 120 26 3 24 501 .01 MBMG  02NO1E35BABA02
421 - - 250 s 5 25 857 33 MBMG  02NOIE36BCBDOI
376 - - 120 30 4 26 551 01  MBMG 02NOIE36BCDDO!
458 - - 280 69 3 24 893 01  MBMG 02NOIE36CBA 01
226 - - 31 42 3 20 250 39  MBMG  02N0O2E09CBDAOI
198 - -- 21 26 2.6 36 277 01  MBMG 02N02E17DDCCOI
223 26 27 24 37 353 22 MBMG  02N02E20CABCOI1

279 - - 26 31 2.4 37 359 49 MBMG  02N02E20CCAA01
274 - - 27 29 2.5 36 355 72 MBMG  02NO2E20CDACO!
225 - - 17 20 2.0 31 278 1 MBMG  02N02E20DAC 01
227 - 186 17 22 29 55 313 <20 USGS  02N02E20DDCBO!
291 0 239 62 46 2.0 50 454 <.05 USGS 02N0O2E21ACDBO1
304 - - 81 35 2.5 28 456 51 MBMG  02NO2E28CADCOI
381 0 312 67 39 3.0 42 520 <20 USGS 02N02E28CADCO1
361 0 296 - 38 - - - - USGS 02N02E28CADCO1
349 0 286 50 33 3.4 46 477 <05 USGS  02NO2E28CADCOI
339 0 276 60 36 2.5 46 472 .05 USGS 02NO02E28CADCO02
341 0 280 60 35 2.2 51 486 <.05 USGS 02N02E28CADC02
321 0 263 67 38 2.1 43 467 - USGS 02N02E28CADCO03
317 0 257 63 40 2.2 46 462 <.10 USGS 02N02E28CADCO03
314 0 257 60 38 22 50 466 <05  USGS  02N02E28CADCO3
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Table 11. Physical properties and common-constituent concentrations in ground water along the Madison and upper Missouri
Rivers in Montana (Continued)

S:F- H o)
cific X en,
Geo- Sample con- i?eld T::'::r' x:lg- Calclum M:lﬂr:' Sodlum P;‘t::"s‘-
Location number fogic date duct-  (stand- W ater, solved, (mg/L (mgiL (mg/L (mgiL
unit apce, ard (°C) field as Ca) as Mg) as Na) as K)
fieid units) (mg/L)
(1S/cm)
LOWER MADISON RIVER VALLEY-Continued
02N02E28CADC04 Ts 06-29-88 474 - 9.0 - 51 11 49 13
02N02E28CADC04 Ts 08-15-91 590 7.8 9.5 <1 55 12 50 10
02N02E28CADC04 Ts 08-31-94 603 7.9 10.0 - 60 13 51 10
02N02E28CBDDO! Qal 05-04-89 925 7.6 11.0 -- 72 15 89 59
02N02E29BABDO1 Qal 11-15-83 753 - 9.5 - 71 15 78 7.0
02NO2E29BABD02 Ts 05-03-89 573 7.7 10.0 - 58 12 48 6.7
02N02E32AAAA0!L Qal 05-10-89 526 7.4 14.0 -- 57 13 49 49
01NO01EQ04BCDCO1 Ts 12-28-83 - - - - 37 8 130 3.0
0IN02E04DCCCO1 Qal 06-13-84 677 - 11.0 - 73 16 62 6.3
0IN02E06BCBAO! Ts 11-09-83 666 - 15.0 -- 17 2.0 120 10
0IN0O2EO6DAA 01 Qal 11-15-83 757 - 12.0 - 66 17 80 7.3
0INO2E07AACAO1 Ts 11-09-83 691 - - - 15 2.1 120 11
0IN0O2E10DBABO1 Ts 05-04-89 1,170 1.5 11.0 - 96 25 110 23
09-23-92 1,180 13 11.0 3 120 31 110 26
0IN02E15DCBBO! Ts 05-10-89 623 15 20.0 - 71 20 51 15
0INO02E15DCBDO1 Ts 05-10-89 718 7.8 19.5 - 63 16 90 15
0INO2E15DD 01 Ts 05-05-89 1,000 73 13.0 - 90 21 84 21
0INO2E19CDDDO1 Ts 11-15-83 1,640 - 12.0 - 150 16 150 37
0INO2E21ABBAO! Qal 08-31-93 561 1.4 10.5 2.2 60 17 34 7.9
01N0O2E22ABBBO1 Ts 05-10-89 772 16 17.0 - 56 15 85 12
01NO2E22BABAO! Qal 08-31-93 654 7.6 12.0 33 59 18 56 13
01N0O2E22BADDO1 Ts 09-17-93 706 7.6 12.5 1.7 55 15 73 11
0IN02E22CABDO1 Ts 05-05-89 668 15 22.0 - 46 13 75 11
0IN0O2E22CDCCO! Ts 09-23-92 628 15 13.5 5.7 49 14 79 18
0IN02E29DCA 01 Qal 06-13-84 475 - 10.0 -- S0 14 32 52
0INO2E30DCACO1 Ts 11-15-83 1,130 - 11.5 - 110 39 75 22
01S02E04AACCO!1 Qal 05-05-89 782 75 14.5 - 73 23 50 13
01S02E10CAACO1 Ts 08-31-93 1,200 7.4 13.5 35 100 31 91 12
01S02E17AAABO! Qal 08-30-93 425 8.0 11.0 4.8 42 11 27 55
01S02E20CACCO1 Qal 08-30-93 794 7.9 12.0 43 71 16 69 17
01S02E20CACCO1 Qal 08-31-94 516 7.4 12.5 - 54 12 35 13
01S02E21DBDBO0! Ts 05-09-89 540 7.6 17.0 -- 59 26 27 52
01S02E22BCCBO! Ts 05-05-89 1,140 15 17.0 - 130 32 55 18
02S02E05BAA 01 Qal 06-13-84 375 - 11.0 - 42 9.8 23 4.1
02S02E05BDBB01 Qal 05-09-89 382 7.8 14.0 - 44 11 24 43
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Al Dis-
oy Carbe- unrf;.’ - ‘:"::' Pl Sillca coved  Muas  Coliect
(mg/L (mg/L  sollds, (mg/L Ing Location number
(mg/Las (mg/L as (mg/L (mg/L (mg/L asSI0;)  calcu- as N) agency
HCO;) as COy) CaCOy) as SO,) as Cl) asF) lated
(mg/L)
LOWER MADISON RIVER VALLEY--Continued

269 - - 26 29 2.3 67 382 02  MBMG 02N02E28CADCO04
280 0 230 28 34 2.3 54 384 - USGS 02NO02E28CADC04
282 0 231 30 35 2.1 61 403 <.05 USGS 02N02E28CADC04
372 - - 65 48 2.7 39 522 .02 MBMG  02N02E28CBDDO!
368 - -~ 42 40 3.1 42 481 .19 MBMG  02NO2E29BABDO1
268 - - 30 40 2.5 40 420 .04 MBMG  02N02E29BABD02
274 - -- 24 45 23 36 368 0.03 MBMG  02N02E32AAAAQ1
270 - - 52 2.1 8 23 354 09  MBMG 0INOIEO4BCDCOI
358 - -- 47 36 2.0 39 461 .02 MBMG  01N02E04DCCCO1
147 - - 140 45 2.0 37 446 32 MBMG  0IN02E06BCBAO1
309 - - 85 37 1.8 57 513 22 MBMG  0IN02E06DAA 01
134 - -- 100 65 1.2 36 435 33 MBMG  0INO2E07AACAQ!
330 - - 240 58 1.6 56 771 .01 MBMG  0IN02E10DBABO1
381 0 313 250 85 1.3 61 875 <20 USGS 0INO2E10DBABO!1
419 - - 55 27 2.5 57 507 .54  MBMG 0INO2E15DCBBO!
315 - -- 91 34 2.0 52 525 1.5 MBMG  0INO2E15DCBDO!
334 - - 190 29 1.3 61 669 .56  MBMG 0INO2EL5DD 01
122 - -- 380 240 1.0 38 1070 1.0 MBMG  01N02E19CDDDO1
290 0 238 24 20 1.8 41 353 83 USGS 0INO2E21ABBAO1
360 - - 61 25 24 50 491 1.5 MBMG  01NO2E22ABBB01
349 0 284 29 20 2.6 56 428 42 USGS 01N02E22BABAQ]
338 - 277 44 31 2.5 54 456 .59 USGS 01NO2E22BADDO1
334 - -- 40 19 22 50 426 .90 MBMG  0IN02E22CABDO1
369 0 303 33 17 6 66 463 1.2 USGS 01N02E22CDCCO01
254 - - 25 17 1.7 39 3 41 MBMG  0IN02E29DCA 01
170 - - 280 130 1.0 55 813 43 MBMG  0IN02E30DCACO1
370 - - 54 33 1.6 57 490 .66 MBMG  01S02E04AACCO1
310 0 250 100 130 1.5 45 704 72 USGS 01S02E10CAACO1
214 0 177 18 17 1.7 36 266 45 USGS 01S02E17AAABO1
349 0 289 36 41 2.9 43 49] 5.0 USGS 01S02E20CACCO1
246 0 202 20 25 2.4 44 331 1.0 USGS 01S02E20CACCO1
285 - - 25 32 1.4 51 379 2.5 MBMG  01S02E21DBDBO01
291 - -- 220 43 9 56 790 22 MBMG  01S02E22BCCBO01
200 - - 18 12 1.5 32 244 35 MBMG  02S02E05BAA 01
211 - -~ 19 15 1.4 31 257 .61 MBMG  02S02E05BDBB01
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Table 11. Physical properties and common-constituent concentrations in ground water along the Madison and upper Missouri
Rivers in Montana (Continued)

Spe-
ifi H, xygen,
Geo oo con. field T:;'l‘"r’:" e Calcium M;ﬂ’:' Sodium ':‘:L‘::
Location number logic date duct-  (stand- wat e'j so.lved, (mg/L (mgiL (mg/L (mg/L
unit ance, ard (°C) field as Ca) as Mg) as Na) as K)
field units) (mg/L)
{nS/cm)
LOWER MADISON RIVER VALLEY--Continued
02S02E05BDBB01 Qal 09-23-92 362 77 13.0 8.1 38 9.6 22 44
02S02E05CAADO1 Qal 08-31-93 414 7.8 13.5 8.2 45 12 24 5.8
SOUTHERN PART OF THE TOWNSEND VALLEY
07N02EQ09AABB(1 Qal 09-07-93 644 74 11.5 6.6 85 22 27 5.5
07N02E15CBABO1 Qal 10-19-92 544 7.6 12.0 8.8 59 21 22 4.9
07N02E20DDCDO1 Qal 09-07-93 642 7.7 11.5 6.1 - -- - -
07N02E29CABCO1 Qal 10-21-92 687 75 11.5 29 63 24 47 4.5
07N02E32BADBO! Qal  09-07-93 610 7.5 10.0 32 - - - -
07N02E33ABCDO1 Ts 09-07-93 603 7.5 12.0 8.6 59 26 27 2.4
06N02EO0SAACCO1 Qal 09-14-93 590 7.6 13.0 34 - - - -
06N02E09BACDO1 Ts 10-21-92 478 77 11.0 7.7 60 20 11 2.2
06N02E16BBAAOQI Qal 09-14-93 621 7.6 11.0 7.6 - - - -
06N02E21DAAAQ] Qal 09-14-93 585 7.4 12.0 6.6 - - - -
06N02E34BDBB01 Qal 09-08-93 830 72 12.5 5.2 - -- .- -
05NO1E22BBABO! Ts 06-16-79 135 7.6 12.0 -- 19 4.8 4.7 .8
05N01E24BDD 01 Qal 06-17-79 255 7.8 9.5 -- 41 5.6 5.9 1.1
05N02E03ACDCO1 Qal 10-19-92 849 72 12.0 - 110 22 39 54
05NQO2E05BDCBOI Qal 10-21-92 597 7.6 10.0 5.7 61 19 36 6.1
05N02E10CBCCO01 Qal 09-08-93 649 7.5 10.0 5.6 70 22 34 4.3
05N02E22CBBAO1 Qal 10-20-92 1,020 7.5 10.0 6.7 92 35 74 3.5
05N02E23DBCAO1 Qal 10-19-92 571 7.5 13.0 8.7 67 21 21 3.9
05N02E32DAADO1 Qal 09-08-93 876 715 10.5 7.9 -- - . -
05N02E33DACAO1 Ts 11-02-79 746 7.9 12.0 - 57 30 59 39
05N02E33DACAQ!1 Ts 10-20-92 698 7.8 11.5 12.8 50 26 61 3.6
04N01E04ADBBO1 Ts 06-29-79 2,540 83 18.0 - 280 3.0 130 5.5
04NO1EQ09CAB 01 Ts 06-20-79 795 7.8 13.5 - 44 13 58 4.9
04NO1E12BADDO! Ts 09-15-79 588 7.7 7.0 - 59 24 41 2.7
04NO1E23BBB 01 Ts 06-28-79 583 7.6 10.5 - 55 22 25 23
04NO2E16AAA 01 Ts 06-29-79 830 7.8 12.5 -- 42 12 60 54
04NO02E18ACACO1 Ts 06-12-79 405 8.2 15.0 -- 22 12 44 2.5
HELENA VALLEY
11N0O4W25AABAQL Qal 08-09-95 385 7.7 14.5 7.7 39 13 20 34
11N04W25DDDDO1 Qal 08-07-95 403 75 - - 41 16 20 1.7
1IN04W36ACCAO1 QAb 08-09-95 400 78 14.0 - 44 21 23 1.6
1IN03W14BBBB01 QAb 08-08-95 422 7.9 13.0 8.3 28 12 47 2.7
1INO3W16BBBB(! QAb 08-08-95 722 17 11.0 8.2 74 18 47 2.9

92 Hydrologic and Water-Quality Data Related to the Occurrence of Arsenic for Areas Along the Madison and Upper Missouri Rivers,
Southwestern and West-Central Montana



Alka-

Dis-

bg:’;:, ?;'tz‘," finity! 'sa‘::; cﬂr::- ';'I:‘: Sliica solved  Nitrate Collect-
(mg/L (mg/L sollds, (mg/L Ing Locatlon number
(mg/Las (mg/L (mg/L (mg/L (mg/L asSI0;)  calcu- as N) agency
HCO3) as COy) CaCoy) as SO,) as Cl) as F) lated
(mg/L)
LOWER MADISON RIVER VALLEY--Continued
175 0 143 15 14 1.7 34 227 32 USGS 02S02E05BDBBO01
202 0 167 17 16 1.6 33 255 42 USGS 02S02E05CAADOI1
SOUTHERN PART OF THE TOWNSEND VALLEY
358 0 293 41 12 .6 27 406 22 USGS 07N02E09AABBO1
276 0 226 41 13 <4 22 329 23 USGS 07N02E15CBABO1
314 0 257 -- 11 -- - - - USGS 07N02E20DDCDO1
330 0 271 73 17 4 23 418 .59 USGS 07NO02E29CABCO1
302 0 242 - 12 - - - - USGS 07NO2E32BADBO!
253 0 207 44 17 S 22 368 10 USGS 07N02E33ABCDO!
325 0 262 - 8.8 - - - - USGS 06NO2EO8AACCO1
255 0 209 37 6.9 3 15 282 75 USGS 06NO2E09BACDO1
317 0 260 - 12 -- - -- - USGS 06N02E16BBAAOL
286 0 236 -- 15 - - - - USGS 06NO2E21DAAAOL
372 0 305 - 17 “- - -- - USGS 06N02E34BDBB01
85 - - 15 .8 1 1.3 84 .02 MBMG  05N01E22BBABO1
139 - -- 17 1.7 .1 19 162 31 MBMG  05NO1E24BDD 01
433 0 355 71 14 <4 41 541 48 USGS 05N02E03ACDCO1
278 0 228 50 19 4 28 363 1.8 USGS 05N02E0SBDCBO1
240 0 197 82 21 1.0 28 408 6.0 USGS 05N02E10CBCCO01
348 0 285 200 31 5 33 654 2.4 USGS 05N02E22CBBAO!
295 0 242 37 14 i 31 347 1.3 USGS 05NO2E23DBCAO1
268 0 220 - 48 -- - - -- USGS 05N02E32DAADO!
222 - - 160 29 8 29 497 4.3 MBMG  05N02E33DACAO1
201 0 168 130 31 .8 31 449 3.5 USGS 05NO2E33DACAO1
28 - - 850 59 1.2 32 1,380 29 MBMG  04NO1EO4ADBBO1
206 - - 86 20 5 57 393 1.7 MBMG  04NO1E09CAB 01
251 - - 100 10 .6 28 394 .55 MBMG  04NO1E12BADDOI
190 - -- 96 11 .6 23 333 97 MBMG  04NO1E23BBB 01
189 - -- 82 26 1.0 25 358 2.5 MBMG  04N02E16AAA 01
182 - - 34 9.6 1.5 30 246 36  MBMG  04NOZEISACACOI
HELENA VALLEY
157 0 129 33 12 1.1 -- 199 -- USGS 1INO4W25AABAOL
220 0 180 34 12 9 - 239 - USGS 11N04W25DDDDO01
187 0 153 85 5.0 1.0 - 283 - USGS 1INO4W36ACCAO01
186 0 153 91 8.5 5 - 283 - USGS 11N04W14BBBB0!
186 0 153 120 52 4 - 414 - USGS 11N03W16BBBB01
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Table 11. Physical properties and common-constituent concentrations in ground water along the Madison and upper Missouri
Rivers in Montana (Continued)

Spe-
cific H (o) n
Geo oo com  fled OB i Cacwm MM goqyy Foles-
Locatlon number logic date duct- (stand- wate; solved, (mg/L (ma/L (mg/L (mglL
unit ance, ard (°C) field as Ca) as Mg) as Na) as K)
field units) (mg/L)
(nS/cm)
HELENA VALLEY-Continued
11N03W17DDCCO1 Qal 06-30-93 525 76 10.5 8.3 - - - -
11NO3W18ADDDO1 Qal 08-09-95 409 7.7 15.0 8.4 45 14 22 1.3
11NO3W22BBCB02 Qal 08-07-90 1,790 7.5 10.0 - 120 56 220 1.3
1INO3W22BBCB02 Qal 07-08-93 1,790 7.3 10.0 9 120 59 210 1.8
11N03W25DDBDO01 Qal 06-29-93 433 6.8 10.0 29 -- - -- -
1IN0O3W28DAADO1 Qal 08-07-95 630 7.6 11.0 2.0 80 15 19 11
11NO3W29ABBAO! Qal 06-28-93 615 76 10.0 4.3 - - - -
11N03W30DBCAO! Qal 06-28-93 688 73 9.5 6.9 - - - -
11N0O3W33ADDBO01 Qal 08-07-95 755 7.0 12.0 3.1 97 21 27 4.7
11NO3W33BBAAQ2 Qal 08-16-90 315 6.8 9.0 - 62 14 20 2.8
11NO3W33BBAAO2 Qal 07-08-93 504 7.0 8.0 1.4 61 15 21 2.9
1INO3W33BBAAO3 Qal 08-16-90 411 7.1 9.0 -- 66 15 13 3.0
1IN03W33DDDCOI1 Qal 08-06-90 360 73 10.0 - 61 14 16 2.9
1IN03W33DDDC02 Qal 08-06-90 366 7.3 8.0 - 64 14 20 2.7
11IN03W35DACCO1 Qal 08-06-90 897 72 9.0 - 58 12 16 3.0
11N03W35DACCO01 Qal 07-08-93 463 7.1 8.5 39 56 13 17 32
1IN02W31BCCBO1 Qal 06-29-93 405 6.8 11.0 34 46 10 19 34
10N03W02BCDDO! Qal 06-30-93 394 7.1 10.0 2.8 51 11 13 2.8
10NO3W02DDDD03 Qal 08-14-90 480 7.1 12.0 - 62 14 14 35
1O0N0O3W04DCCDO1 Qal 08-07-90 462 715 9.5 - 89 20 18 34
10N03 W04DCCD02 Qal 08-07-90 641 7.5 8.5 -- 86 20 22 34
10N03WO05CCDDOI Qal 08-15-90 425 73 11.5 - 49 10 16 35
10NO3W06DBAAO1 Qal 11-03-90 540 7.0 8.0 - 60 15 31 3.6
10NO3WO6DBAAQ2 Qal 11-03-90 407 6.9 9.0 - 46 12 19 29
10N03W11DDCC02 Qal 08-09-90 415 7.1 10.5 - 54 12 16 3.2
10NO3W17ABBBOI Qal 08-07-95 508 6.5 12.5 - 70 9.7 27 29
10NO3W18AADAO! Qal 08-09-95 400 7.1 13.5 - 54 13 22 3.1
10NO3W23DAADO! Qal 08-09-90 325 7.2 10.0 -- 39 8.7 14 48
10NO3W24BBBCO0! Qal 08-09-95 308 7.4 11.0 8.6 35 8.5 14 3.0
10NO2W03BBABO! Ts 08-08-95 398 79 11.5 7.8 34 6.0 37 8.6
10NO2WO6AADCO1 Ts 08-08-95 390 7.7 13.0 7.6 44 8.3 26 8.8
10N02W(07BBBBO1 Qal 08-17-90 390 6.6 17.0 -- 41 12 22 38
10N02W07BBBBO01 Qal 08-07-95 328 7.5 14.0 39 -- - -- -
10NO2W19ADBBO01 Qal 08-10-95 404 75 13.5 6.8 48 9.7 22 3.0

1Field incremental titration for samples collected by U.S. Geological Survey. Laboratory fixed-end titration for samples collected by Montana Bureau of
Mines and Geology.

2Data for this site originally published in Dutton and others (1995) as location number 05501 W28BCABO1. WATSTORE location number is
05S01W28BACBO!.
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e, Cabe- ﬁ::;' Su-  Chlo-  Fluo- g O \rete  Collect:
nate nate fate ride ride
(mg/L (mg/L solids, (mg/L ing Location number
(mg/Las (mg/L (mg/L (mg/L (mg/L as SI0,)  calcu- asN) agency
HCO3;) as CO,) CaCO;y) as SO,) as Cl) asF) lated
(mg/L)
HELENA VALLEY-Continued
224 0 184 - 13 - - - - USGS 1INO3W17DDCCO1
185 0 151 35 6.5 9 - 216 - USGS 1IN03W18ADDDO1
416 0 341 540 77 3 29 1,250 87 USGS 1INO3W22BBCB02
405 0 332 550 71 S 29 1,240 91 USGS 11N03W22BBCB02
161 0 132 - 11 - - - - USGS 1IN0O3W25DDBD01
272 0 223 110 25 .6 -- 395 -- USGS 1INO3W28DAADO!
293 0 240 - 13 - -- - - USGS 11NO3W29ABBAOQ!
309 0 253 - 11 - - - -- USGS 1IN03W30DBCAOQ!
427 0 350 36 17 7 -- 415 - USGS 11N03W33ADDBO01
207 0 170 79 13 3 23 312 .58 USGS 11NO3W33BBAAO2
205 0 168 71 14 4 23 311 74 USGS 11NO3W33BBAA02
214 0 175 65 13 2 25 309 94 USGS 11NO3W33BBAAO3
219 0 179 57 10 3 25 292 55 USGS 1IN03W33DDDCO01
238 0 195 56 11 3 22 305 31 USGS 11N03W33DDDC02
201 0 165 53 7.7 2 23 276 1.4 USGS 11NO3W35DACCO1
202 0 165 51 10 2 23 281 1.8 USGS 1INO3W35DACCO1
165 0 135 49 12 4 22 246 .56 USGS 11N02W31BCCBO1
179 0 147 43 6.4 3 25 246 1.4 USGS 10N03W02BCDDO1
197 0 162 78 9.6 3 21 303 33 USGS 10N03W02DDDD03
292 0 239 82 16 2 30 400 1.3 USGS 10N03W04DCCDO!
298 0 244 78 19 2 28 403 1.2 USGS 10N03W04DCCDO02
174 0 142 49 10 4 19 243 48 USGS 10N0O3W05CCDDO1
232 0 190 44 17 3 21 330 6.1 USGS 10NO3W(Q6DBAAQ!
187 0 153 39 8.6 4 22 244 .81 USGS 10NO3W06DBAAO2
137 0 112 100 6.3 2 23 286 1.0 USGS 10N03W11DDCC02
- - - 37 4] 2 - 312 4 USGS 10NO3W17ABBB0!
212 0 174 77 9.1 1.0 - 284 - USGS 10NO3W18AADAO!
114 0 94 67 45 3 43 247 56 USGS 10NO3W23DAADO1
126 0 103 32 6.4 6 -- 161 - USGS 10N03W24BBBC01
121 0 - 34 12 1.0 - 192 - USGS 10NO2WO3BBABO1
174 0 143 79 10 .8 - 264 - USGS 10N0O2W06AADCO1
173 0 142 37 12 1.1 21 237 .10 USGS 10N02W07BBBB01
167 - 137 - - - - - - USGS 10N02W07BBBBO01
187 0 153 36 12 i - 225 - USGS 10NO2W19ADBBO01
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Table 12. Trace-element concentrations and isotope ratios in ground water along the Madison and upper Missouri Rivers in
Montana

[Constituents are reported as dissolved and values are rounded according to standard USGS procedures except for arsenic. Analyses by the Montana Bureau
of Mines and Geology, Analytical Division, Butte, Mont. Analyses of nine samples from the upper Madison River Valley for 08-17-92 through 08-19-92 and
two samples from the lower Madison River Valley for 08-15-91 were analyzed by the U.S. Geological Survey, National Water Quality Laboratory, Arvada,
Colo. Location number: described in text. Geologic unit: Qal, alluvial deposits (Quaternary); Ts, sedimentary deposits (Tertiary); QAb, bedrock (Quaternary
to Archean). Collecting agency: MBMG, Montana Bureau of Mines and Geology, Butte, Mont.; USGS, U.S. Geological Survey. Abbreviations: ug/L,
micrograms per liter; per mil, parts per thousand; TU, tritium units. Symbols: +3 and +5, oxidation states of arsenic--arsenite and arsenate, respectively; <,
less than minimum reporting level; --, no data]

Arse- Arse-

Alumi- +3 +3 Bar-  Beryl- Bo- Cad- Chro- Cop-

Geo- Sample num nic, As+ nic lum lium ron mium  mium per Iron

Locationnumber logle  “gatg  (ugi MOAS” UL (gras (gL Gol oL (er oL U9
as Al) as As) Ba) as Be) as B) as Cd) asCr) as Cu)
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY

04S01W30BA 01 Ts 08-18-92 - <l - 110 <0.5 20 <1 <5 <10 6
05S01W04ABDD0O!l Ts 09-01-93 - 2.1 <1 -- - 110 - - -- -
05S01WQ04BAABOl  Qal 09-24-92 <50 1.0 - 120 - 130 <2 <2 <2 11
05S01W04DBABOI  Ts 09-02-93 <30 3.9 <1 85 <2 120 <2 <2 <2 <3
05S01W04DDDB01  Qal 08-17-92 - 20 - 98 <5 20 <1 <5 <10 16
05S01W23DABAO1  Qal 08-18-92 - <1 - 100 <5 30 <1 <5 <10 <3
05S01W28BACBOI'  Qal 09-22-92 <50 36 -- 84 - 60 <2 <2 <2 230
05S01W28DBDD01  QAb  06-30-82 - 22 - - - 680 - - - 220
05S01W28DCCBO1I  Ts 09-01-93 - 6.9 <1 -- - 80 - - - -
05S01W33CBCBOl  Qal 08-17-92 - 20 - 130 <5 30 <1 <5 <10 3
06S01W03AABAOl  Qal 09-01-93 <30 <1 <1 61 <2 30 <2 <2 <2 <3
06S01W03CDADO1I  Qal 09-01-93 - <l <1 - - 50 - - - -
06S01W(04ACCBO1 Ts 08-17-92 - 2.0 - 110 <.5 60 <1 6 <10 4
06S01W04CCDBO1 Ts 09-02-93 - 25 <1 - - 120 - - - -
06S01W08CADDOl Ts 09-22-92 <50 42 - 85 -- 60 <2 <2 2 5
06S01W08DABDO!  Qal 08-19-92 - 40 - 67 <.5 220 <1 <5 <10 9
06S01W10ABACO!  Qal 09-02-93 <30 <1 <1 76 <2 <30 <2 3 <2 <3
06S01W23BBACO1 Qal 09-22-92 <50 5 - 88 - 40 <2 2 3 10
06S01W30DADDO01  Qal 09-01-93 - 4.1 <1 - -- 50 - -- - -
06S01E31CAACO!1 Ts 08-18-92 - <1 -- 25 <.5 30 <] <5 <10 14
07S01W06BBACO1 Ts 09-21-92 <50 6.0 - 54 - 100 <2 <2 <2 10
07S01W12DBBCO1 Ts 09-25-92 <50 .6 -- 73 - 40 <2 2 2 3
07S01W17BCBDO01 Ts 08-19-92 - 3.0 - 36 <5 70 <1 <5 <10 <3
07S01W20CBAAOl  Qal 09-21-92 <30 1.8 - 92 -- 110 - <2 6 9
08S01W25BBC 01 Qal 08-19-92 -- 14 - 34 <5 60 <1 <5 <10 10
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Deu- Oxygen-

Man- rl 1
Lead %:::‘ ga- zn;z:’“ Nickel ﬁ::: S‘t':'::: Zinc h;‘;!rougmén oxy::an- Trit-  Collect-
(ng/L (hg/L nese (ng/Las (ng/L (hg/Las  (uglL (ng/L  stable- 16 stable- Ium Ing Location number
as Pb) as L) (ng/L as Mo) as Ni) Se) as Sr) asZn) Isotope Isotope (TU) agency
Mn) ratio ratio
(permil)  (permil)
NORTHERN PART OF THE UPPER MADISON RIVER VALLEY
<10 4 <1 <10 <i0 - 160 <3 - - - USGS 04S01W30BA 01
- 80 - - - - - - — - - USGS 05S01W04ABDDO1
<3 33 <2 <20 < - 160 27 -- - - USGS 05S01W04BAABO1
<2 63 <2 <20 <2 1 180 4 - - - USGS 05S01W04DBABO1
<10 8 <1 <10 <10 - 230 <3 - - - USGS 05S01W04DDDBO1
<10 7 <1 <10 <10 - 250 18 - - - USGS 05S01W23DABAO1
<3 60 310 <20 <2 - 780 8 - - - USGS 05S01W28BACBO1!
- 230 2 - - - 170 - - - --  MBMG 05S01W28DBDDO1
- 40 - -- - - - - - - - USGS 05S01W28DCCBO1
10 7 <1 <10 <10 - 340 9 - - - USGS 05S01W33CBCBO01
<2 12 <2 <20 <2 <1 460 10 -- - - USGS 06S01W03AABAO1
- 47 - - - - - - - - - USGS 06S01W03CDADO1
<10 15 <] <10 <10 - 330 7 - - -- USGS 06S01W(4ACCBO1
- 110 - - - - - - - - - USGS 06S01W04CCDBO1
<3 <6 <2 <20 <2 - 200 <2 - - - USGS 06S01WO08CADDO!1
<10 140 <1 <10 <10 - 190 11 - - - USGS 06S01'W0SDABDO1
<2 18 <2 <20 2 2 480 58 - - - USGS 06S01WI10ABACO!
<3 <6 <2 <20 <2 - 490 8 - - - USGS 06S01W23BBACO1
- 28 - - - — - - - - - USGS 06S01W30DADDO!
<10 9 1 <10 <10 - 570 4 - - - USGS 06S01E31CAACO1
<3 19 <2 <20 <2 - 270 11 - - - USGS (07S01WO06BBACO1
<3 <6 <2 <20 <2 - 280 18 - - - USGS 07S01W12DBBC01
<10 16 <1 <10 <10 - 390 55 - -- - USGS 07S01W17BCBDO!
<3 8 <2 <20 < - 290 18 - - . USGS 07S01W20CBAAOI
<10 130 2 <10 <10 - 92 12 -- - - USGS 08S01W25BBC 01
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Table 12. Trace-element concentrations and isotope ratios in ground water along the Madison and upper Missouri Rivers in
Montana (Continued)

G0 ute "M e h Ao B Bk Bo cab o Cop
+5 on u
tocstionnumber fogk  dste  GigLas "8 Giglas Guglas (oL (oL (oL  GoL GoLas ¥
Al) as As) As) Ba) as Be) as B) as Cd) asCr) Cu)
LOWER MADISON RIVER VALLEY

02NO1EOSDDCAO01 Ts 11-10-83 70 35 . - - 150 <2 7 30 3,100
02NO1E17DAADO1 Ts 11-10-83 <30 4.7 - - - 220 <2 <2 20 250
02NO1E24BADAO] Qal 12-28-83 <30 23 - - - 150 <2 <2 32 33
02NO1E24DDA 01 Qal 11-11-87 == 1.2 - - - - - - - -
02NO1E24DDAAO! Qal 11-14-83 <30 1.3 - - - 80 <2 <2 6 130
02NO1E25AACCO1 Ts 11-09-83 <30 48 - - - 70 4.0 4 2 600
02NO1E25AB 01 Qal 07-02-84 <30 72 - - - 70 <2 <2 <2 110
02NO1E25BDBBO01 Qal 11-16-83 <30 1.8 - - - 50 6 <2 36 <2
02NO1E26AA 01 Qal 07-02-84 <30 2.6 - - - 70 <2 <2 5 19
02NO1E26DCDCO1 Qal 12-28-83 <30 2.0 - - - 110 2 <2 15 ° 3
02NO1E27BCCBO1 Qal 11-09-83 30 24 - - - 180 <2 2 4 <2
02NO1E27CBD 01 Qal 11-10-83 <30 2.1 - == = 60 <2 <2 13 4
02NO1E34AAADO1 Qal 11-09-83 <30 1.6 - - - 100 <2 <2 8 <2
02NO1E34AABAO1 Qal 11-16-83 <30 1.1 - - - 70 <2 2 10 54
02NO1E35BABAOI Qal 11-11-83 60 4 - - .- 120 <2 5 11 550
02NO1E35BABAQ2 Qal 11-11-83 <30 32 - - . 70 <2 <2 8 200
02NO01E36BCBDO1 Ts 11-09-83 <30 2.0 - - - 320 <2 <2 <2 56
02NO1E36BCDDO1 Qal 11-08-83 90 28 - - - 70 4 6 14 510
02NO1E36CBA 01 Qal 11-09-83 <30 23 - - - 120 <2 <2 <2 310
02N02E09CBDAO1 Qal 11-14-83 <30 39 - - .- 70 <2 2 3 89
02N02E17DDCCO01 Ts 05-04-89 <30 70 - - - 40 <2 <2 <2 110
02NO02E19CBCCO01 Qal 11-11-87 - 1.6 - - - - - - -- -
02N02E19CCABO1 Qal 11-11-87 - 2.6 - - - - - - -- -
02N02E19CCB 01 Qal 11-11-87 - 3.7 - — — - — — - -
02N02E19CCCBO01 Qal 11-09-87 - 9 - - - - - — - -
02N02E19CCCB02 Qal 11-09-87 - 24 . - - —— -— - - -
02N02E20CABCO01 Qat 11-15-83 30 121 - — - 200 <2 <2 8 9
02N02E20CABCO01 Qal 11-06-87 - 176 - - - - -~ - - -
02N02E20CABCO01 Qal 05-03-89 <30 159 - - ~— 430 <2 <2 5 2
02N02E20CBDCO01 Qal 11-06-87 - 122 - - - - - - - -
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e t;I:Ieu Oxygen-
n- terlunv 18/
(l;:;: ll"i;: ga- r:':ﬁz Nlcktl ns.i;:z st:::: Zinc hydrogen oxygen-  Trit-  Collect- .
as  (ugll (ne o (uglL (pg'/' ' ol  (nglL (p%lL stable- 16 stable- ium ing ocation number
Pb) asli) ng as Mo) as Ni) as Se) asSr) asZn) isotope lsotope (TU)  agency
as Mn) ratio ratio
(permil)  (permii)
LOWER MADISON RIVER VALLEY
<40 250 1,300 <20 14 <1l 2,200 26 - - - MBMG  02NO1E08DDCAO!
<40 300 810 <20 10 <l 2200 48 - - --  MBMG 02NO1E!7DAADO!
<40 15 1 <20 10 - 510 5 - - - MBMG  02NO!E24BADAO!
- - - - -- - - - - - - MBMG  02NOi1E24DDA 01
<40 16 10 <20 <10 - 410 <3 - - -~  MBMG  02NO1E24DDAAOI
<40 23 160 20 <10 - 370 <3 - - - MBMG  02NO1E25AACCO!
- 8 950 <20  <I0 - 350 <3 - - - MBMG  02NO1E25AB 0Ot
<40 13 130 <20 <I0 - 380 160 - - -- MBMG  02NO1E25BDBBOI
- 13 420 20 <10 - 520 <3 - - - MBMG  02NO1E26AA 01
<40 16 <1 20 <10 - 590 35 - - -~  MBMG  02NOIE26DCDCO1
<40 72 2 <0 <10 - 1,600 220 - - -~ MBMG  02N01E27BCCBOI
<40 11 <1 <20 <10 - 410 3 - - - MBMG 02NOIE27CBD 01
<40 13 <1 <20 <10 - 440 13 - - - MBMG  02NO1E34AAADOI
<40 18 20 <20 <10 - 630 13 - - - MBMG  02NO!E34AABAO!
<40 110 110 <0 <10 -- 1,100 <3 - - - MBMG  02NO1E35BABAO!
<40 15 300 <0 <10 - 560 2% - - -~ MBMG  02NOIE35BABA(2
<40 110 19 <20 <10 -- 58 <3 - - --  MBMG  02NO1E36BCBDOI
<40 23 180 <20 10 - 580 15 - - -~ MBMG 02NOIE36BCDDO1
<40 2! 37 <20 <10 <1 76 <3 - - - MBMG . 02NO!E36CBA 01
<40 9 17 <20 <10 - 240 150 - - - MBMG  02NO2E09CBDAG!
<40 180 16 <40 <10 - 160 <3 - - - MBMG  02N02E17DDCCO!
- - -- - - - - - - - - MBMG 02NO2E19CBCCO!
- - - - - - - - - - - MBMG  (2NG2E19CCABO!
- - - - -- - - -~ - - - MBMG  02NO2E!9CCB 01
- - - - - - - -- - - - MBMG  02NO02E19CCCBO!
- - - - - - - - - - - MBMG  02NO2E19CCCB02
- 280 4 <0 <10 - 2 <3 - - - MBMG  02N02E20CABCO!
- - - - - - - - - - - MBMG  02N02E20CABCO01
- 220 6 <20 <10 - <1 47 - - - MBMG  02N02E20CABCO01
- - - - - - - - - - - MBMG  02N02E20CBDCO1
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Table 12. Trace-element concentrations and isotope ratios in ground water along the Madison and upper Missouri Rivers in
Montana (Continued)

e e ag" A, Bar. Benj.  Bo  Ced  Chwo- Cop
Location number fogic : at‘;e " gtlll?,a ¢ and As*’ (J;/‘:_ as (s gt;ll.nas (u‘:;l,- (:;r/'l_ ?:;:/T '(':;;: (p:/f.; s (hal
unit Al) (uglt As) Ba) as Be) as B) as Cd) asCr) Cu) as Fe)
as As)
LOWER MADISON RIVER VALLEY-—-Continued

02NO2E20CCAA01  Qal  05-02-89 30 102 - - - 380 <2 <2 8 32
02NO2E20CDACO1  Qal  05-03-89 <30 120 - - - 430 <2 <2 <2 8
02N02E20DAC 01 Qal  05-02-89 <30 38 - - - 470 < <2 <« 110
02N02E20DDCBO1 Qal 11-05-87 - 117 - - - - - - - -
02NO2E20DDCBOI  Qal  09-24-92 <50 114 - 19 - 310 <2 <2 <« 14
02N02E21 ACDBO1 Qal 11-09-87 - 61 - - - - - - - -
02NO2E21ACDBOl  Qal  08-30-93 <30 61 42 85 <2 400 < <2 <2 120
02N02E22CCC 01 Qal 11-09-87 - 72 - - - - - - - -
02N02E27CADDO1 Qal 11-09-87 - 16 - - - - - - - -
02N02E27CBC 01 Qal 11-05-87 - 106 - - - - - - - -
02N02E27DCA 01 Qal 11-09-87 - 3.7 - - - - - — - -
02NO2E27DCA02  Qal  11-09-87 - 4.1 - - - - - - - -
02N02E27DCB 01 Qal 11-09-87 - 18 - - - - - - - -
02N02E28BC 01 Qal 11-05-87 - 119 - - - - - - - -
02N02E28BCD 01 Ts 11-05-87 - 118 - - —- - - - - -
02N0O2E28CADCO1 Qal 11-10-87 - 130 - - - - - - - -
02N02E28CADCO1 Qal 07-15-88 - 71 -- - - - - - - -
02NO2E28CADCOI  Qal  05-04-89 <30 - - - - 440 2 <2 <2 780
02N(02E28CADCO1 Qal 09-25-92 <50 103 - 130 - 670 <2 <2 23 490
02NO2E28CADCO1  Qal  09-17-93 - 104 24 - - 500 - - - 720
02N02E28CADCO1 Qal 08-31-94 <30 97 - 100 - 520 <2 <2 2 710
02N02E28CADC02 Qal 07-15-88 - 58 - - - - - - - -
02N02E28CADC02 Qal 09-17-93 <30 83 1.1 160 <2 610 <2 <2 2 6
02N02E28CADC02 Qal 08-31-94 <30 80 - 130 - 630 <2 <2 <2 5
02N02E28CADCO03 Qal 07-15-88 - 22 - - - - - - - -
02N02E28CADC03 Qal 08-15-91 - - - 210 <5 560 <1 <5 <10 30
02N02E28CADCO03 Qal 09-17-93 <30 59 - 200 <2 530 <2 <2 7 6
02N02E28CADCO03 Qal 08-31-94 <30 60 23 190 - 500 <2 <2 5 10
02N02E28CADC04 Ts 06-29-88 <30 95 - - - 270 <2 <2 <2 110
02N02E28CADC04 Ts 08-15-91 - - - 18 <.5 380 <1 <5 <10 350
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Deu- Oxygen-

Man- terlum/ 18/
:;:;l:’. ';L‘:‘ ga- x;:r‘:; Nickel rsﬂeﬁ':n s'::::: Zinc hydrogen oxygen- Trit-  Coliect-
Bom e gl G Lol ol UoL e e o s Locaton mumbe
Pb) asLi) a:?ﬂ Y ) asSe) asSr) ; aﬂ:e p aﬂg“ gency
(permii)  (permil)
LOWER MADISON RIVER VALLEY-Continued
<40 210 340 20 <10 -- 170 16 - - - MBMG 02N02E20CCAAO1
<40 210 26 20 <10 -- 180 160 - - -- MBMG 02N02E20CDACO1
<40 170 60 <20 <10 - 170 16 - - - MBMG 02N02E20DAC 01
- - - . - - - - - - - MBMG 02N02E20DDCBO01
<3 210 70 <20 <2 - 270 4 - - - USGS 02N02E20DDCBO1

- - - - - - - - - - .- MBMG 02N02E21ACDBOI
< 250 230 <10 2 <1 350 2 -139.0 -17.90 44 USGS  02NO2E21ACDBO1
- - - - - - - - - - - MBMG  02N02E22CCC 01
- - - - - - -~ MBMG  02NO2E27CADDO!

- - - - MBMG  02N02E27CBC 01

- - - - - - - - - - - MBMG  02N02E27DCA 01
.- - -- - -- - -- - - - - MBMG  02NO02E27DCA 02
- - - - MBMG  02NO02E27DCB 01
- - - - MBMG  02NO02E28BC 01

- - - - - - - - - - - MBMG  02N02E28BCD 01

- - -- - - - -- - - - - MBMG  02N02E28CADCO1
- -- - - - - - - - - - MBMG  02N02E28CADCO1

<40 210 150 <20 <10 - 640 <3 - - -~ MBMG  02NO02E28CADCO!
<3 270 730 17 2 - 250 13 - - - USsGS 02N02E28CADCO1
- 260 540 - - - - - -134.0 -17.21 - USGS 02N02E28CADCO1
<2 260 500 12 <2 1 230 6 - - - USGS 02NO02E28CADCO1
- - - - - - - - - - --  MBMG  02NO2E28CADCO2
<2 240 2,500 18 3 <1 250 2 -136.0 -17.37 41 USGS 02N02E28CADCO02
<2 250 3,000 16 3 1 270 <2 - - - USGS 02NO02E28CADC02

-- - - - - - - - - - - MBMG  02N02E28CADCO03

<10 270 2,100 20 <10 - 290 <3 -139.0 -17.75 20 USGS 02N02E28CADCO03
<2 230 1,700 18 3 <1 270 6 -- - - USGS 02N02E28CADCO03
<2 240 1,600 16 4 1 280 7 - - - USGS 02N02E28CADCO03
- 230 76 <20 <10 - 280 10 -- - - MBMG  02N02E28CADCO04
<10 260 74 <10 <10 -- 320 11 -142.0 -18.50 1.6 USGS 02N02E28CADC04
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Table 12. Trace-element concentrations and isotope ratios in ground water along the Madison and upper Missouri Rivers in
Montana (Continued)

Coo oo UM o ast A o By Bo G O Cob
Location number 1001 “ugte  (ug/L as MGt GoLes Goles (oL (oL (oL (gl (lLas R
Al) as As) As) Ba) as Be) as B) as Cd) asCr) Cu)
LOWER MADISON RIVER VALLEY--Continued

02N02E28CADC04 Ts 08-31-94 <30 85 - 16 <2 320 <2 <2 <2 310
02N02E28CBDDO01 Qal 05-04-89 <30 123 - - - 700 <2 <2 <2 630
02NO2E29AD 01 Qal 11-05-87 - 73 - - — -— — - — -
02N02E29BABDO1 Qal 11-15-83 <30 63 - - - 440 <2 <2 7 220
02N02E29BABD02 Ts 05-03-89 <30 84 P - - 530 <2 <2 <2 440
02N02E29DD 01 Qal 11-10-87 — 59 - - - - - - - -
02N02E32AAAA01 Qal 05-10-89 <30 63 - - - 290 <2 <2 <2 1,100
02NO2E32AAAAQ02 Qal 11-10-87 - 90 - - - - - - - -
02N02E35BBB 0! QAb  08-16-88 - 22 - — — — - — - —
02N02E35DCD 01 Qal 11-05-87 - 47 - - - — — — - -
01NO1E04BCDCO1 Ts 12-28-83 <30 24 - - - 250 2 <2 <2 <2
0INO2E(G4CB 01 Qal 05-20-88 - 88 - - - - - — - -
0IN02EG4DCCCO1 Qal 06-13-84 <30 88 a— - - 340 <2 <2 <2 1,300
0IN02E06BCBAO1 Ts 11-09-83 <30 13 - - - 70 <2 <2 <2 27
0INO2EO6DAAO] Qal 11-15-83 <30 127 - - - 510 <2 3 10 11
0INO2E0O7AACAO1 Ts 11-09-83 <30 16 - - - 50 3 <2 <2 92
0INO2E10DBABO! Ts 05-04-89 <30 120 - - - 670 <2 <2 <2 190
0INO2E10DBABO1 Ts 09-23-92 <50 107 - 65 - 620 <2 3 <2 110
0INO2E15DCBBO01 Ts 03-10-88 — 67 . - - -- - - - -
0INO2EI5SDCBBOI Ts 05-10-89 <30 79 - - - 500 <2 <2 10 4
0INO2E15DCBDO1 Ts 03-10-88 - 100 - - - — — — - —
0INO2E15DCBDO1 Ts 05-10-89 <30 58 - - - 750 <2 <2 15 <2
0INO2E15DD 01 Ts 05-05-89 <30 60 .- - - 540 <2 <2 16 14
0INO2E16CBD 01 Qal 11-09-87 - 67 - — -— — -— - - -
0INO2E19CDDDO1 Ts 11-15-83 <30 12 - - - 60 3 5 19 <2
0INO2E20AC 01 Ts 05-20-88 - 37 - - - - - - - -
0INO2E21ABBAO1 Qal 11-09-87 - 54 - - - - - - - -
0INO2E21ABBAQOI Qal 08-31-93 <30 48 <{ 96 <2 180 <2 <2 4 5
0IN02E21 ABBBO01 Qal 11-09-87 -- 50 - - - - - - - -
0INO2E22ABB 01 Ts 05-19-88 - 98 - - - - - - - -
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Deu- Oxygen-

Man- terium/ 18/
:.e:/?- ll-:::\- - 3‘:;:’; Nickel nsﬁ:: st:':::' Zinc hydrogen oxygen- Trit-  Coilect-
’ (no/L (ng/L  stable- 16stable- ium Ing  Location number
Pa:) ;:gél'-) (ng/L a(: %t) as Ni) a(;‘gs";) ::gs/lr.) as Zn) Isotope Isotope (TU) agency
as Mn) ratio ratio
(permll)  (permii)
LOWER MADISON RIVER VALLEY~Continued
<2 260 76 <10 <2 <1 330 <2 - - - USGS 02N02E28CADC04
<40 240 1,100 <20 <10 - 260 5 - - - MBMG 02N02E28CBDDO1
- - - - - - - - - - - MBMG 02N02E29AD 01
<40 310 15 <20 <10 - 260 4 - - - MBMG  02N02E29BABDO!
<40 220 370 <20 <10 -- 280 <3 - - - MBMG 02N02E29BABD02

- - - - - - - - - - - MBMG  02NO02E29DD 01
<40 200 640 <20 <10 - 190 3 - - —~  MBMG  02NO2E32AAAAOI
- - - - - - - - - - -  MBMG  02NO2E32AAAA02
- - - - - - - - - - -~ MBMG  02NO2E35BBB 01
- - - - - - - - - - -~ MBMG  02N02E35DCD 01

<40 72 3 30 <10 - 68 <3 - - - MBMG  0INOIEG4BCDCO1
- - - - - - - - - - - MBMG 0INO2E04CB 01
- 240 340 <20 <10 - 250 <3 - - - MBMG  0IN02E04DCCCO1
<40 47 3 40 <10 - 120 3 - - - MBMG  0IN02E06BCBAQ1
<40 190 12 30 <10 - 380 170 - - - MBMG  0IN02EO06DAA 01
<40 64 13 <20 <10 - 200 <3 - - - MBMG  0IN02E07AACAOQ]
<40 190 39 30 <10 - 640 <3 - - - MBMG  0INO2E10DBABO1
<3 210 46 52 3 - 810 6 -- - - USGS 0INO2E10DBABO1
- - - - - - - - - -- - MBMG  0INO2E15DCBB0!
<40 210 I <20 <10 - 410 4 -- - - MBMG  0INO2E15DCBBO1

- - - - - - - - - - - MBMG  0INO2E1SDCBDO1

<40 160 <1 <20 <10 - 380 <3 - - - MBMG  0INO2E15DCBDO1
<40 100 1 50 <10 - 600 6 - - - MBMG  0INO2E15DD 01

-- - - - - -- - - - — - MBMG  0INO2E16CBD 01
<40 12 11 30 10 11 2,000 18 - - - MBMG  0IN02E19CDDDO!

- - - -  MBMG OINO2E20AC 01
- - - - - - - - - - - MBMG OINO2E21ABBAOI
< 180 < <10 < 1 210 17 -135.0 .17.55 27 USGS  OINO2E21ABBAO!
- - - - - - - - - - .- MBMG O0INO2E21ABBAQI
- - - - - - - - - - - MBMG O0INO2E22ABB 01
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Table 12, Trace-element concentrations and isotope ratios in ground water along the Madison and upper Missouri Rivers in
Montana (Continued)

Goo qupe MM meken AU B Bk Bo o Cho Sy
+ Ul
Locstionrumber loglc  “ugte  (ugas Mhe Goles Goles (oL (oL (el (oL Goles UL
Al) as As) As) Ba) as Be) as B) as Cd) asCr) Cu)
LOWER MADISON RIVER VALLEY--Continued

0INO2E22ABBBO01 Ts 03-10-88 - 119 - - - - - - - -
OINO2E22ABBBOl  Ts  05-10-89 <30 78 - - - 730 < < 8 <«
0IN02E22BABAO1 Qal 08-31-93 <30 114 54 81 <2 340 <2 <2 <2 15
0IN02E22BADDO1 Ts 09-17-93 <30 120 22 42 <2 560 <2 <2 <2 <3
0INO2E22CA 01 Ts 05-19-88 - 130 - - - - - - - -
OINO2E22CABDOI  Ts  05-05-89 <30 116 - - - 39 < <« 5 <
01N02E22CDCCO! Ts 05-19-88 - 138 - - - - - - - -
0IN02E22CDCCO! Ts 09-23-92 <50 122 - 35 - 390 <2 <2 3 10
0INO2E27BBDAO1 Ts 05-19-88 - 92 - - - - - - - -
0IN02E27BCCBO1 Ts 11-06-87 - 112 - - - - - - - -
0INO2E29DCA 01 Qal 06-13-84 <30 50 - - - 190 <2 <2 11 12
0INO2E29DCA 01 Qal 11-06-87 - 53 - - - - - - -
0IN02E30DCACO1 Ts 11-15-83 30 29 - - - 110 <2 6 12 6
0INO02E33DAB 01 Ts 11-06-87 - 68 - - - - - - - -
01S02E03DCC 01 Ts 05-20-88 - 61 - - - - - - -
01S02E04AACCO! Qal 05-05-89 <30 70 - - - 560 <2 <2 <2 <2
01S02E05AB 01 Qal 11-06-87 - 48 - - - - - - - -
01S02E08CDDCO01 Qal 11-06-87 - 48 - - - - - - - -
01S02E10CAACO! Ts 11-06-87 - 55 - - - - - - - -
01S02E10CAACO!1 Ts 08-31-93 <30 54 <1 110 <2 950 <2 <2 4 5
01S02E16DDA 01 - 05-20-88 - 38 - - - - - - -- -
01S02E17AAABO1 Qal 11-09-87 - 44 - - - - - - - -
01S02E17AAABO1 08-30-93 <30 43 <1 46 <2 150 <2 <2 <2 <3
01S02E17AAB 01 Qal 11-09-87 - 52 - - - - - - - -
01S02E20CACCO1 Qal 08-30-93 <30 124 9 110 <2 410 <2 <2 12 4
01S02E20CACCO01 Qal 08-31-94 <30 71 - 69 <2 200 <2 <2 2 6
01S02E21DBDB01 Ts 05-09-89 <30 45 - - - 190 <2 <2 3 <2
01S02E22BCCBO! Ts 05-05-89 <30 21 - - - 220 <2 <2 <2 <2
01S02E29AAC 01 Qal 11-05-87 - 27 - - - - - - - -
01S02E29DDDBO1 Qal 11-05-87 - 25 - - - - - - - -
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Deu- Oxygen-

Man- terium/ 18/
:.ea/(: %:::' ga- r;_:tz Nickei ﬁﬁ:; st'l:::: Zinc hydrogen oxygen- Trit-  Collect-
uags Lol ™S gn (L oo (gn (hglL  stable- 16stable-  lum ing  Location number
(ug/L as Ni) asZn) isotope Iisotope Ty agency
Pb) aslli) as Mn) as Mo) as Se) asSr) ratio ratio

(permil)  (permil)

LOWER MADISON RIVER VALLEY--Continued
- - - - - - -- - - - - MBMG  OIN02E22ABBBO0!

<40 190 <1 20 <10 -- 320 17 - -- -- MBMG  0INO2E22ABBBOI
<2 210 26 15 1 <1 330 22 -134.0 -17.21 26 USGS 0INO2E22BABAO1
<2 190 <2 21 <2 <l 320 10 -134.0 -17.21 29 USGS 01N02E22BADDO1

- - - - MBMG  0IN02E22CA 01

<40 160 <1 27 <10 - 240 690 - - - MBMG 0INO2E22CABDO!
- - - - - - - - - - -  MBMG 0IN02E22CDCCOI
<3 120 <2 36 b - 350 12 - - -~ USGS  0IN02E22CDCCO!

- - -- - MBMG  0IN02E27BBDAO1
-- - - - - - - - - - - MBMG  0INO2E27BCCBO!

- 170 1 <0 <10 - 170 21 - - - MBMG  0INO2E29DCA 01
- - - - - - - - - - - MBMG  0INO2E29DCA 01
<40 19 13 <20 <I0 <1 1,300 120 - - - MBMG  0IN02E30DCACOI

- - - - MBMG  0INO2E33DAB 01
- -- - - - - - - - - - MBMG  01S02E03DCC 01

<40 130 <1 34 <10 - 530 20 - - - MBMG  01S02E04AACCOI
- - - - - - - - - - - MBMG  01S02E05AB 01
- - - - MBMG  01S02E08CDDCO!
- - - - MBMG 0IS02EI0CAACOI
<2 170 <2 11 3 26 610 63 -136.0 -17.61 27 USGS 01S02E10CAACO1

- - - - MBMG  01S02E16DDA 0t
- - - - - - -- - - -- - MBMG  01S02E17AAABO1

<2 130 <2 <20 <2 1 150 5 -136.0 -17.80 22 USGs 01S02E17AAABO!
-- - - - - -- - - - - - MBMG  01S02E17AAB 01
<2 310 <2 <20 2 <1 250 38 -134.0 -17.30 23 USGS 01S02E20CACCO1
<2 180 <2 <10 <2 1 180 25 - -- - USGS 01S02E20CACCO1
<40 130 <1 <20 <10 - 360 30 - - -- MBMG  01S02E21DBDBO!
<40 60 <1 100 <10 - 870 19 -- - - MBMG  01S02E22BCCBO!

-- - -- - - - - - - - -- MBMG  01S02E29AAC 01
- - - - MBMG  01S02E29DDDBO!
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Table 12. Trace-element concentrations and isotope ratios in ground water along the Madison and upper Missouri Rivers in
Montana (Continued)

G0 gy ot ket NN G Bo o O
Location number ':g:f date  (ug/Las °“(d Q:*s (hglLas (ug/Las (uglL (gl (sg/l  (ngll (ug/Las ag“‘:,’:)
ay WGl Ths) Ba) asBe) wsB) asCd) asC) Cu)
LOWER MADISON RIVER VALLEY—Continued
02S02E0SBAA 01 Qal  06-13-84 <30 36 - - —- 160 < < 6 4
02S02E0SBDBBOI  Qal  0509-89 <30 4l - - - 170 <@ <@ < 3
02S02E0SBDBBOI  Qal  09-23-92 <50 45 - 57 - 170 <2 <@ <« 8
02S02E0SCAADOl  Qal  08-31-93 <30 34 <1 64 <2 140 Q@ <« <« 3
02S02E05CC 01 Qal  11-05-87 - 37 - - - - - - - -
02S02E05CCCOI  Qal  11-05-87 - 30 - - - - - - -
02S02E05CDA 01 Qat 11-05-87 - 27 - - - - — —— - -
02S02E19BA 01 Qat 11-05-87 - 32 - - - - - - - -
SOUTHERN PART OF THE TOWNSEND VALLEY

0TNO2EO9AABBOI  Qal  09-07-93 <30 14 <1 %2 <2 120 <@ <« <« 5
07NO2EISCBABOI  Qal  10-19-92 <50  <I ~ 140 - 90 <@ <@ <6 <
07N02E20DDCDOI ~ Qal  09-07-93 - 24 <1 - - 80 - - <
07NO2E29CABCOI  Qal  1021-92 <50 9 - 120 ~- 270 Q@ <« < 5
07N02E32BADBOI  Qal  09-07-93 - 12 <1 - - 7 - - - <
OTNO2E33ABCDOI  Ts  09-07-93 <30 12 <1 8l <2 9 <2 <@ < <3
06NO2E0BAACCOl  Qal  09-14-93 - 12 - - - 80 - - - <
06NO2E9BACDOI  Ts 102192 <50 <l - %7 - 50 < <@ < 15
06NO2EI6BBAAOI  Qal  09-14-93 - L1 - - - 70 - - - -
06NO2E21DAAAOI  Qal  09-14-93 - 25 - - - 120 - - 3
06NO2E34BDBBOI  Qal  09-08-93 - 66 <1 - — 150 - - - -
0SNOIE22BBABOI  Ts  06-16-79 - - - - - <0 - - - 740
0SNOIE24BDD 01 Qal  06-17-79 - - - - - 50 - - - 20
0SNO2EO3ACDCOI  Qal 101992 <50 18 - 97 —- 200 < < 3 <
0SNO2EOSBDCBOI  Qal 102192 <50 33 —- 100 ~- 120 < <@ <« 4
0SNO2EIOCBCCOI  Qal  09-08-93 <30 16 <1 9 < 120 <@ <« <
0SNO2E22CBBAOI  Qal  1020-92 <50 28 - 3R ~ 310 @ <« <
0SNO2EZ3DBCAOI  Qal  10-19-2 <50 17 - % ~- 120 <2 <5 2
0SNO2E32DAADOI  Qal  09-08-93 - 22 <1 - -~ 290 - - - 1
0SNO2E33DACAOI  Ts  11-02-79 - - - - ~ 240 - - - <10
0SNO2E33DACAOI  Ts 102092 <50 26 - 2 ~ 260 < 2 <« 11
04NOIEO4ADBBOI  Ts  06-29-79 - 13 - - —- 380 - - - 30
04NOIEOSCABOl  Ts  06-20-79 - - - - - 110 - - - 30
0ANOIEI2BADDOI  Ts  09-15-79 - - - - ~ 160 - - - 20
0ANOIE23BBBOI  Ts  06-28-79 - - - - - 100 - - - 30

106 Hydroiogic and Water-Quaiity Data Reiated to the Occurrence of Arsenic for Areas Aiong the Madison and Upper Missouri Rivers,

Southwestern and West-Centrai Montana



Deu- Oxygen-

Man- teriunmy/
:‘;}: Il'::" ga- r:':ﬁ:: Nickel ﬁﬁ:em' st::::' Zinc  hydrogen ox;::an- Trit-  Collect-
as (uglL (neit (uglL (ng/L (Mol (uglL (ug/L stable- 16 stable- ium Ing Location number
Pb) as L) ug as Mo) as Ni) asSe) asSr) as Zn) Isotope Isotope (TY) agency
as Mn) ratio ratio
(permil)  (permil)
LOWER MADISON RIVER VALLEY~Continued
- 110 <1 20 <10 - 130 29 - - - MBMG  02S02E05BAA 01
<3 120 <2 <20 <2 - 120 5 - - - MBMG  02S02E05BDBBO1
<40 100 <1 <20 <10 - 140 20 - - - USGS 02S02E0SBDBBO1
<2 110 <2 <20 <2 <1 150 11 -134.0 -17.22 23 USGS 02S02E05CAADOIL
- -- - - - - - - - - - MBMG  02S02E05CC 01
.- - - - - - - - - - - MBMG  02S02E05CCC 01
- - - - - - - - - - - MBMG  02S02E0SCDA 01
- - -- - -- - - - - - - MBMG  02S02E19BA 01
SOUTHERN PART OF THE TOWNSEND VALLEY
<2 26 <2 <10 <2 <1 410 11 - - - USGS 07N02EO09AABBO1
<3 <6 <2 <30 <2 - 460 23 - - - USGS 07N02E15CBABO1
- 44 - - - - - - - - --  USGS 07N02E20DDCDO1
<3 22 <2 <30 <2 - 550 9 - - - USGS 07N02EZ9CABCO1
- 18 -- - - - - - - - - USGS 07NO02E32BADBO1
<2 27 <2 <10 <2 <1 540 17 - - - USGS 07NO2E33ABCDOI
- 13 - - - - - - - - - USGS O6NO2EOSAACCO1
<3 <6 <2 <30 <2 -- 450 11 - - - USGS 06N02E09BACDO1
- 13 - - - - - - - - - USGS 06NO2E16BBAAOI1
- 19 - - - - - - - - - USGS 06NO2E21DAAAOI
- 89 - - - - - - - - - USGS 06N02E34BDBBO01
- 5 320 .- - - 140 - - - - MBMG  05N01E22BBABOI
- 12 <10 - - - 180 - - - - MBMG  05NO1E24BDD 01
<3 80 <2 <30 <2 - 580 17 - - - USGS 0SN02E03ACDCO1
<3 13 <2 <30 <2 - 540 8 - - - USGS 0SNO2E0SBDCBO1
<2 82 3 <10 <2 <1 400 <2 - - - USGS 0SNO2E10CBCCO1
<3 27 <2 <30 <2 - 1,000 8 - - -- USGS 0SNO2E22CBBAO1
<3 74 <2 <30 <2 - 340 <2 - - - USGS 05NO2E23DBCAO!
- 39 - - - - - - - - - USGS 05NO2E32DAADO1
- 40 <10 - - - 680 - - - -  MBMG  05N02E33DACAOI
<3 29 <2 <30 <2 - 640 96 -- - - USGS 05NO02E33DACA01
- 70 10 - - - 2,400 - - - -- MBMG  04NO1E04ADBBO1
- 17 20 - - - 940 - - - -  MBMG  04NOIE09CAB 01
-- 28 <10 - - - 550 - - - - MBMG  04NOIEI12BADDO!
- 26 <10 - - - 480 - - - -  MBMG  04NOIE23BBB 0!
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Table 12. Trace-element concentrations and isotope ratios in ground water along the Madison and upper Missouri Rivers in
Montana (Continued)

G0 gomon b o Asd Ao B Bevh B G G Cop g
tocationnumber  [og  dae  GgLas MOIST (ugllas Golas oL (oL oL (oL (glas MEL
Al) as As) As) Ba) as Be) as B) as Cd) asCr) Cu)
SOUTHERN PART OF THE TOWNSEND VALLEY-Continued
04NO2EI6AAAOl  Ts  06-29-79 - - - - - 230 - - - 30
04NO2EISACACOI Ts  06-12-79 - - - - - 180 - - - 20
HELENA VALLEY

1INO4W25AABAO1 Qal 08-09-95 - 3.0 - - - - <1 <1 <1 -
11IN04W25DDDDO01 Qal 08-07-95 - <] - - - - <} <1 <1 -
11IN04W36ACCAO1 QAb  08-09-95 - 6.0 - - - - <1 <1 <1 -
11N03W14BBBB01 QAb  08-08-95 - 3.0 - - - - <1 <1 <1 -
11NO3W16BBBB01 QAb 08-08-95 - 20 - - - - <1 <1 3.0 -
1INO3W17DDCCO1 Qal 06-30-93 - 1.5 <1 - - 40 - - -- -
1INO3W18ADDDO1 Qal 08-09-95 - 2.0 - - - - <1 <1 <] -
11NO3W22BBCB02 Qal 08-07-90 <40 - - 18 - 90 <5 <5 5 <4
11N03W22BBCB02 Qal 07-08-93 <30 3.6 <1 14 <2 80 <2 << <2 <3
11N03W25DDBD01 Qal 06-29-93 - 9 <1 - - 30 - - - b
1INO3W28DAADO1 Qal 08-07-95 - 16 . - - - <1 1.1 2.0 -
1INO3W29ABBAO1 Qal 06-28-93 - 1.8 - - - 80 - - - -
1INO3W30DBCAOI  Qal  06-28-93 - 27 - - - 30 - - - -
1INO3W33ADDBO01 Qal 08-07-95 - 6.0 - - - - <1 1.0 <] -
1INO3W33BBAAOD2 Qal 08-16-90 <40 - - 49 - <40 <5 <5 <4 <4
11INO3W33BBAA(2 Qal 07-08-93 <30 1.3 - 57 <2 30 <2 <2 <2 <3
1INO3W33BBAAO3 Qal 08-16-90 110 - - 58 - <40 <5 <5 <4 5
11N03W33DDDCO01 Qal 08-06-90 <40 - - 34 - 50 <5 <5 <4 67
11N03W33DDDC02 Qal 08-06-90 <40 - - 46 - <40 <5 <5 <4 14
11IN03W35DACCO1 Qal 08-06-90 50 - - 58 - <40 <5 <5 <4 14
1IN03W35DACCO1 Qal 07-08-93 <30 9 <1 69 < 30 <2 <2 <2 <3
11N02W31BCCBO1 Qal 06-29-93 <30 <1 <1 49 <2 50 <2 <2 <2 <3
10NO4W12AACDO1 Qal 08-10-95 - 30 - - - - - - - -
10N03W02BCDDO1 Qal 06-30-93 <30 1.0 <1 64 <2 <20 <2 <2 <2 7
10NO3W02DDDD03  Qal 08-14-90 150 - - 48 - 50 <5 <5 <4 <4
10N03W02DDDDO03 Qal 08-07-95 . 1.0 - - - - - - - -
10NO3W04DCCDO1 Qal 08-07-90 170 - -- 42 - <40 <5 <5 <4 <4
10N03W04DCCDO02 Qal 08-07-90 50 - - 44 - <40 <5 <5 <4 <4
10N03WO05CCDDO1 Qal 08-15-90 60 - - 49 - 50 7 <5 <4 73
10NO3WO06DBAAO1 Qal 11-03-90 100 - -- 80 - <40 <5 <5 <4 11
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Deu- Oxygen-

Man terium/ 18/
(I';:;,f_ 'i':::‘ ga- ::;:z?" Nicke! ﬁﬁ:: st:::::- Zinc hydrogen oxygen- Trit-  Collect-
as (uglL nese (uglL (ng/L oL (uglL (ng/L stable- 16 stable- ium Ing Location number
Pb) as Li) (vo/L as Mo) as Ni) asSe) asSr) asZn) isotope Isotope (TU)  agency
s Mn) ratio ratio
(permil)  (permil)
SOUTHERN PART OF THE TOWNSEND VALLEY--Continued
- 25 <10 - - - 380 - - - - MBMG  04NO2E16AAA 01
- 25 <10 - - - 270 - - - -- MBMG 04N02E18ACACO1
HELENA VALLEY
<1 - - - - <] - 5.0 -- - -- USGS 11N04W25AABAO1
<1 - - -- - <2 - 890 -- - - USGS 11IN04W25DDDDO01
<1 - - - - <] -- 3.0 - - - USGS 11IN04W36ACCAO1
<1 - - - -- <1 - <3 - - - USGS 11INO3W14BBBBO01
<l - - - - 1.0 - 120 - - - USGS 11NO3W16BBBBO1
- 11 - - - - - - - - -~ USGS 1IN03W17DDCCO1
<1 - -- - -- <1 - 7.0 - - - USGS 11INO3W18ADDDO1
- 20 2 <40 <20 - 660 <6 -- - - USGS 11NO3W22BBCB02
<3 29 <2 <20 2 3 690 <2 - - - USGS 11N03W22BBCB02
- 17 - - - - - - - - - USGS 11N03W25DDBDO1
<] - -- - - <1 - <3 - - - USGS 1INO3W28DAADO!1
- 13 - - - - - -2 - - - USGS 11INO3W29ABBAO!
- 15 - - -- - - - - - - USGS 11N03W30DBCAOQ1
<1 - - - - <1 - 7.0 - - - USGS 11IN03W33ADDBO01
- 18 6 <40 <20 - 260 <6 - - - USGS 1INO3W33BBAAQ2
<3 24 <2 <20 <2 <1 260 <2 - - - USGS 11NO3W33BBAAO2
- 17 2 <40 <20 - 270 <6 - - - USGS 11IN03W33BBAAO3
-- 21 9 <40 <20 - 230 <6 - - -- USGS 11N03W33DDDCO01
- 20 36 <40 <20 - 250 <6 - - - USGS 11N03W33DDDC02
- 3 <2 <40 <20 - 370 <6 - - - UsGS 11NO3W35DACCO1
<3 11 <2 <20 <2 <1 390 <2 - - - USGS 11N03W35DACCO1
<3 21 <2 <20 <2 <1 340 15 - - -- USGS 11IN02W31BCCBO1
. - - - - - - - - - - USGS 10N04W12AACDO1
<3 15 8 <20 <2 <1 330 29 - - - USGS 10N03W02BCDDO1
- 12 <2 <40 <20 - 420 <6 - - - USGS 10N03W02DDDD03
- - - - - - - -- - - - USGS 10N03W02DDDD03
-- 30 <2 <40 <20 - 290 <6 - - - USGS 10N03W04DCCDO1
- 27 3 <40 <20 - 290 <6 - - - USGS 10N03W04DCCD02
- 20 200 <40 <20 - 190 110 - - - USGS 10N03W05CCDDO01
- 18 88 <40 <20 - 250 <6 - - - USGS 10NO3WO06DBAAQ!

TABLE12 109



Table 12. Trace-element concentrations and isotope ratios in ground water along the Madison and upper Missouri Rivers in
Montana (Continued)

Alumi- Arse-m Arse- Bar-  Beryl- Bo- Cad- Chro- Cop-
Geo- Sample  num nic, As+5 nic*3 lum lum ron mium mium  per Iron
tocatlonnumber [l date  (ugLas MY GoLes Gglas (oL (oL (oL (gL (oLas YL
Al) As) Ba) as Be) as B) as Cd) asCr) Cu)
as As)
HELENA VALLEY--Continued
10NO3WO6DBAAO2  Qal 11-03-90 <40 - - 53 - 90 <5 <5 <4 140
IONO3W11DDCC02  Qal 08-09-90 110 - - 41 - <40 <5 <5 <4 <4
10NO3W16DCCC02  Qal 08-08-95 - 5.0 - - - - -
10NO3W17ABBBOl  Qal 08-07-95 - <l - - - - <1 <1 2.0 --
10NO3W18AADAOl  Qal 08-09-95 - 20 - - - - <1 <1 <1 -
I0NO3W23DAADOl  Qal 08-09-90 190 - - 78 - 40 <5 <5 <4 300
10NO3W24BBBCO!l  Qal 08-09-95 - 1.0 - - - - <1 <1 <1 -
10NO2WO3BBAB01  Ts 08-08-95 - 22 - - - - <1 <1 <l --
10NO2WO6AADCO1  Ts 08-08-95 - 17 - - - - <1 <1 <1 -
10N02W07BBBBO1 Qal 08-17-90 100 -- - 28 - 110 <5 <5 <4 <4
10NO2WO07BBBB0Ol  Qal 08-07-95 - 2.0 - - - - - - - -
10NO2W19ADBB01  Qal 08-10-95 - 1.0 - - - - <] <1 <1 -

IData for this site originally published in Dutton and others (1995) as well number 05501 W28BCABO1. WATSTORE location number is
05S01W28BACBO1.
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Deu- Oxygen-
Man- terlumy/ 18/
(L::I?_ %:}:" ga- mﬂﬁ Nickel s‘ﬂ: St:::::- Zinc  hydrogen oxygen- Trit-  Collect-
as (ng/L nese (gL (ngL (gL (uglL (ug/L stabie- 16 stabie- ium ing Location number
Pb) as L) (ng/L as Mo) as NI) sSe) as Sr) asZn) Isotope Isotope (TU) agency
as Mn) ratlo ratlo
(permil)  (permit)
HELENA VALLEY--Continued
- 22 39 <40 <20 - 220 <6 -- - - USGS 10NO3W(06DBAAQ2
- 11 19 <40 <20 - 390 <6 - - - USGS 10NO3W11DDCC02
- - - - - - - - - - - USGS 10NO3W16DCCC02
<1 - -- - - <1 - 93 - - - USGS 10NO3W17ABBB01
<1 - - - - <1 - 7.0 - - - USGS 10NO3WI18AADAO!
- 14 240 <40 <20 - 260 <6 - - - USGS 10N03W23DAADO!
<1 - - - - <1 - 3 - - - USGS 10N03W24BBBCO1
<l - - - - <1 - 5.0 - - - USGS 10NO2W03BBABO1
<1 - -- - - <] - 55 - - - USGS 10N02WO6AADCO1
- 54 15 <40 <20 - 280 <6 - - - USGS 10NO2W07BBBBO1
- - - . - - - -- - - - USGS 10N02W07BBBB01
<1 - - - - <1 - <1 - - - USGS 10NO2W19ADBB01
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Tabie 13. Water-quality data for replicate surface-water samples

[Constituents are reported as dissolved except as indicated. Number of significant figures for arsenic concentrations are those reported by the respective
laboratories; other concentrations are rounded according to standard USGS procedures. Site number described in text. Analyzing agency: USGS, U.S.
Geological Survey, National Water Quality Laboratory, Arvada, Colo.; MBMG, Montana Bureau of Mines and Geology, Analytical Division, Butte, Mont.
Abbreviations: lab, laboratory; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25° C; mg/L, milligrams per liter. Symbols: <, less than
minimum reporting level; --, no data]

Aika-
" pH,
Specific 0y Calcum MAI"®  goqum PO Ny, o ale Chioride Fluoride
Site Sampie conduc- sium tassium iab
(stan- (mg/L (mg/L (mg/L (mg/L (mg/L
number date tance, iab dard as Ca) (mg/L as Na) (mg/L (mg/L as SO,  as Ci) as F)
(1S/cm) units) as Mg) as K) as 4
08003)
S8 08-18-93 217 8.0 16 39 20 3.1 78 10 11 1.7
08-18-93 219 8.1 16 39 20 2.7 78 10 11 1.7
S60 09-09-93 314 8.9 29 8.8 27 43 99 17 12 1.8
09-09-93 328 8.9 28 8.6 27 4.4 96 17 12 1.7
Dis- Arsenic,
silica  5°Vd  pNjjrgre  Alumi- total Arsenic  Barium BeYF  pgoron  Cad- Chro-
Site solids, num recov- ttum mium mium
(mg/L (mgiL (ngiL (ngit (ng/L
number Si0y) caicu- as N) (ng/L erabie as As) as Ba) (ng/L as B) (ng/L (hg/L
2 lated as Al) (ng/L as Be) asCd) asCr)
(mg/L) as As)
S8 28 141 - - 56 51 - - - - -
28 140 - - 57 54 - - - - -
S60 31 207 0.05 <30 -- 57.9 29 <2 170 <2 <2
31 206 .05 <30 - 56.2 28 <2 170 <2 <2
Lith- Manga- Moiyb- Sele- Stron
Site C(op;/)fr (lro;l (I.e ;/: fum nese denum (N'j:"_(:'s nium tium ( z;:‘;s Anaiyzing
number :%u) agi o) a: Pb) (hg/L  (uglL (ng/L ”QNI) (gl (nglL ugz n agency
asli) asMn) as Mo) asSe) asSr)
S8 - - - - - - - - = - USGS
- - - - -- - - - - - USGS
S60 <2 15 <2 140 7 <10 <2 <1 120 <2 MBMG
<2 15 <2 140 7 <10 <2 <1 120 <2 MBMG
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Tabie 14. Water-quality data for replicate surface-water samples used as geothermal tracers

[Constituents are reported as dissolved except as indicated. Number of significant figures for arsenic concentrations are those reported by the respective
laboratories; other concentrations are rounded according to standard USGS procedures. Site number described in text. Analyzing agency: BOR, Bureau of
Reclamation, Bismarck, N.D.; MBMG, Montana Bureau of Mines and Geology, Analytical Division, Butte, Mont.; USGS, U.S. Geological Survey, National
Water Quality Laboratory, Arvada, Colo. Abbreviations: lab, laboratory; pg/L, micrograms per liter; pS/cm, microsiemens per centimeter at 25° C; mg/L,

milligrams per liter. Symbols: <, less than minimum reporting level; --, no data]

Speclfic

) pH, Arsenic, total
Site Sample con lab Chioride recoverable Arsenic Boron Lithlum Analyzing
number date ductance, . andard (mg/L (ng/L (hg/L (ng/L (ng/L agency
lab units) as Cl) as As) as As) as B) as LI)
(nS/cm)
St 10-08-91 496 8.2 64 320 - 800 640 USGS
10-08-91 496 8.1 63 290 - 800 640 USGS
10-07-92 469 8.0 66 310 310 860 660 USGS
10-07-92 512 8.0 65 310 290 860 670 USGS
02-15-94 514 79 64 310 300 830 690 USGS
02-15-94 - - - - 290 - - MBMG
S3 02-20-92 368 79 40 200 190 510 400 USGS
02-20-92 368 79 42 200 200 510 400 USGS
06-09-93 249 7.8 24 99 97 300 240 USGS
06-09-93 247 7.1 21 97 99 280 240 USGS
07-28-93 204 79 15 78 71 220 170 USGS
07-28-93 205 7.9 16 76 71 230 170 USGS
04-05-94 364 79 36 170 170 500 390 USGS
04-05-94 362 74 37 160 170 480 400 USGS
04-04-95 372 7.1 38 200 180 500 440 USGS
04-04-95 372 7.7 37 200 200 490 430 USGS
S8 05-19-93 258 7.8 18 78 78 240 170 USGS
05-19-93 258 79 18 84 81 230 170 USGS
05-17-94 241 7.8 14 57 58 190 140 USGS
05-17-94 241 7.8 14 59 58 190 140 USGS
S16 03-16-93 -- - - -- <7 - - MBMG
03-16-93 - - - - 3.1 - - BOR
S17 03-16-93 - - - - 28.1 - - MBMG
03-16-93 - - - - 29.6 - - BOR
S18 03-16-93 - - - - 25.1 -- - MBMG
03-16-93 - - - - 243 - - BOR
S22 03-16-93 - - - -- 52 - - MBMG
03-16-93 -- - - - 6.0 -- - BOR
S23 03-16-93 -- - - - 43 - - MBMG
03-16-93 - - - - 4.1 - - BOR
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Table 14. Water-quality data for replicate surface-water samples used as geothermal tracers (Continued)

Speclfic pH Arsenlc,
con- ’ Chioride total Arsenic Boron Lithium
Site Sampl
number d at‘;e ductance, ( staI::a rd (mg/L recoverable (ng/L (ng/L (ng/L A::ley:lng
lab units) as Cl) (ng/L as As) as B) as Li) y
(uS/cm) as As)

826 07-27-93 - - - - 48 - - USGS
07-27-93 - - - - 51 - - USGS
07-27-93 - - - - 45.6 - - MBMG
07-27-93 - - - - 43.7 - - MBMG
07-27-93 - - - - 424 - - MBMG
07-27-93 - - - - 414 - - MBMG
07-27-93 - - - - 45.8 - - MBMG
07-27-93 - - - - 443 - - MBMG
02-17-94 - - - 86 82 - -- USGS
02-17-94 - - - - 73.4 - - MBMG
05-17-94 280 8.0 15 72 70 190 170 USGS
05-17-94 280 79 16 72 68 200 160 USGS
10-17-94 294 8.2 19 88 85 260 200 USGS
10-17-94 292 8.2 20 85 82 270 200 USGS
06-08-95 216 . 7.1 10 46 42 410 120 USGS
06-08-95 216 7.1 i1 45 43 140 120 USGS

S29 06-22-93 - - - - 31 - - USGS
06-22-93 - - - - 26.8 - - BOR

S34 03-16-93 - - - - 61.4 - - MBMG
03-16-93 - - - - 62.7 - - BOR

S36 09-09-93 - - - - 47.6 - - MBMG
09-09-93 - - - - 43.2 - - BOR

S38 09-10-93 - - 22 - 51.6 220 170 MBMG
09-10-93 - - 22 - 56.9 230 170 MBMG

S39 03-30-94 - - - - 72 - - USGS
03-30-94 - - - - 64.2 - - MBMG

S53 03-16-93 - - - - 60.5 . - - MBMG
03-16-93 - - - - 60.4 - - BOR
06-23-93 - - - - 63 - - USGS
06-23-93 - - - - 52.5 - - BOR
09-10-93 - - - - 80 - - USGS
09-10-93 - - - - 65.4 - - MBMG
09-10-93 - - - - 64.8 - - MBMG
09-10-93 - - - - 63.1 - - BOR
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Table 14. Water-quality data for replicate surface-water samples used as geothermal tracers (Continued)

Arsenic,

Specific

PH,
con- Chloride total Arsenic Boron Lithium
nusr:::er s::';'e ductance, (sta'::a rd (mg/L recoverable (no/L (ng/L (ng/L A:;ley:ér;g
lab units) as Cl) (ug/L as As) as B) as Li)
(uS/cm) as As)

S56 03-16-93 - - -- - 65.0 - - MBMG
03-16-93 - - - - 69.4 - - BOR
06-23-93 - - - - 52 - - USGS
06-23-93 - - - - 54.0 - - BOR
09-09-93 - - - - 62.4 - - MBMG
09-09-93 - - - - 594 - - BOR

S58 08-19-93 - - - -- 49 - - USGS
08-19-93 - -- - -- 494 -- - MBMG
08-19-93 - - - - 525 - - MBMG
08-19-93 -- - - - 529 - - MBMG
08-19-93 - - - - 58 - - USGS
08-19-93 - - -- - 52 - -- USGS
08-19-93 - - - - 542 - - MBMG
08-19-93 - - - - 52.6 - - MBMG
08-19-93 - -- -- - 53.8 - - MBMG
08-19-93 - - - - 525 - - MBMG
06-10-94 240 7.6 13 66 65 180 140 USGS
06-10-94 255 7.6 14 71 64 180 140 USGS
07-08-94 267 7.6 13 92 90 160 140 USGS
07-08-94 268 77 13 98 99 160 140 USGS

S60 03-16-93 - - - - 453 - - MBMG
03-16-93 - - - - 46.0 - - BOR
06-23-93 - - - - 54 - - USGS
06-23-93 - - - - 43.6 - - BOR
09-09-93 - -- - -- 579 - - MBMG
09-09-93 - - - - 55.6 - - BOR

S63 05-18-92 320 8.2 16 33 30 110 80 USGS
05-18-92 320 82 11 33 32 110 80 USGS
08-12-92 340 88 14 54 53 160 100 USGS
08-12-92 338 8.6 16 56 53 150 90 USGS
01-04-93 455 8.1 16 33 33 150 100 USGS
01-04-93 447 8.1 15 35 . 31 150 100 USGS
05-25-93 234 79 59 18 18 70 42 USGS
05-25-93 - -- - 18 16 70 - USGS
10-04-93 368 8.2 38 24 23 70 60 USGS
10-04-93 369 84 39 24 23 80 60 USGS
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Table 14. Water-quality data for replicate surface-water samples used as geothermal tracers (Continued)

Specific pH Arsenic,
Site Sample con- ! Chioride total Arsenic Boron Lithlum .
number datz ductance, ( stal::; ard (mg/L recoverable (ng/L (rg/L (ng/L A:aly:::ng
lab units) as Cl) (ng/L as As) as B) as Li) gency
(uSlcm) as As)
S63 06-14-94 324 8.0 8.5 23 25 80 54 USGS
(Continued) 06-14-94 325 8.0 - 29 27 90 60 USGS
08-07-?5 345 8.0 7.2 17 19 50 40 USGS
08-07-95 344 8.1 7.2 18 19 50 40 USGS
S64 03-15-93 - - - - 1.7 - - MBMG
03-15-93 - - - - 1.8 - - BOR
S65 03-15-93 - - - - 2.2 - - MBMG
03-15-93 - - - - 15 -~ - BOR
S67 03-15-93 - - - - 35 - - MBMG
03-15-93 - - - - 25 - - BOR
S68 03-15-93 - - - - 7.0 - - MBMG
03-15-93 - - - - 5.1 - - BOR
875 03-15-93 - - - - 7 - - MBMG
03-15-93 - - - - 1.1 - - BOR
S78 05-10-93 -- - - - 27.3 - - MBMG
05-10-93 -~ - - - 26.7 - —  BOR
S81 05-10-93 - - - - 4.2 - - MBMG
05-10-93 - - - - 43 - - BOR
S84 05-10-93 - - - - 21.5 - - MBMG
05-10-93 - - - - 218 - - BOR
S88 05-05-93 - - - - <8 - - MBMG
05-05-93 - - - - 12 -~ - BOR
S89 05-10-93 - - - - 16.0 - - MBMG
05-05-93 - - - - 15.5 - - BOR
S90 05-05-93 - - - - 37 - - MBMG
05-05-93 - - - -~ 35 - -~ BOR
S91 05-05-93 - - - - 2.6 - - MBMG
05-05-93 - - - -~ 2.8 - - BOR
S92 05-05-93 - - - - 13 - - MBMG
- - - - 1.5 - - BOR
$99 05-05-93 - - - - 938 - - MBMG
05-05-93 - — - - 8.8 - - BOR
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Table 15. Water-quality data for replicate ground-water samples

[Constituents are reported as dissolved. Number of significant figures for arsenic concentrations are those reported by the respective laboratories; other

concentrations are rounded according to standard USGS procedures. Location number described in text. Analyzing agency: MBMG, Montana Bureau of
Mines and Geology, Analytical Division, Butte, Mont.; USGS, U.S. Geological Survey National Water Quality Laboratory, Arvada, Colo. Abbreviations:
lab, laboratory; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25° Celsius; mg/L, milligrams per liter. Symbols: +3 and +5, oxidation
states of arsenic--arsenite and arsenate, respectively; <, less than minimum reporting level; --, no data]

Alka-
Specific  pH,  oogum  MaONe  goqum  Pos- HiAlty o ate  Chioride
Sample conduct- lab slum sium lab
Location number (mg/L (mg/L (mg/L (mg/L
date ance, lab  (stand- as Ca) (mg/L as Na) (mgL (mg/L asSO,) asCl)
(uS/cm)  ard units) as Mg) as K) as 4
CaCo3)
11N02W31BCCBO01 06-29-93 409 72 46 10 19 3 135 49 12
06-29-93 413 7.3 44 10 19 3 132 49 12
05N02E10CBCCO1 09-08-93 637 7.3 70 22 34 4 205 82 21
09-08-93 640 7.9 68 21 33 4 199 82 22
09-08-93 632 7.7 61 23 35 4 199 78 23
05NO2E33DACAO1 10-20-92 712 8.0 50 26 61 4 166 130 31
10-20-92 679 7.9 45 23 61 3 168 130 28
10-20-92 711 8.0 50 25 61 3 167 130 31
02N02E20DDCBO01 09-24-92 476 82 41 9.1 44 10 200 17 22
09-24-92 462 7.9 37 84 43 10 188 17 23
09-24-92 477 8.0 41 9.0 44 10 198 17 22
02N02E28CADCO02 09-17-93 723 7.6 71 17 62 6 281 60 36
09-17-93 723 7.5 73 18 62 6 283 59 36
01S02E20CACCO1 08-30-93 762 7.5 71 16 69 17 287 36 41
08-30-93 777 78 72 16 68 17 286 38 38
08-30-93 757 7.4 69 16 68 17 285 36 41
04S01W30BA 01 08-18-92 300 7.6 37 8.8 8.7 3 118 19 13
08-18-92 295 7.6 37 89 8.7 3 116 16 14
05S01W28BCABO1 09-22-92 562 7.9 61 12 26 12 142 110 23
09-22-92 564 7.9 60 12 26 12 128 110 23
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Table 15. Water-quality data for replicate ground-water samples (Continued)

Dis-
Arsenic,
Fluoride Silica V% Nigrate  AlUM- agi3gng AN, poum  BEYVR pog,  Cad
soilds, num +5 As lium mium
(mg/L. (mg/L i (mg/L As (ng/L (ng/L
asF) asSloy)  Calou asN) (gl (ng/L (uglL asBa) (FOL a5 (ug/L
lated as Al) as As) as As) as Be) as Cd)
(mg/L)

0.4 22 246 0.56 <30 <1 1.0 49 <2 50 <2

4 21 244 56 30 1 <1.0 51 2 50 2

1.0 28 408 6.0 <30 15.7 <1.0 93 <2 120 <2

1.0 27 377 - - 15 - 95 <5 150 <1

9 30 401 6.0 30 2.3 <1.0 130 2 130 2

8 31 449 35 <50 2.6 - 24 - 260 <2

9 29 420 - - 3 - 20 <5 290 <1

7 31 448 35 <50 2.7 - 24 - 260 <

2.9 55 313 <20 <50 114 - 19 - 310 <2

29 51 305 - - 110 - 15 <.5 330 <1

2.9 55 320 <20 <50 11 - 20 - 320 <2

2.5 46 472 .05 <30 82.5 1.1 160 <2 610 <2

23 46 4n 10 30 814 1.4 - 2 600 2

29 43 491 5.0 <30 124 9 110 <2 410 <2

2.7 39 464 - - 140 - 120 <.5 470 <]

2.9 37 486 5.7 30 121 12 110 2 410 2

2 23 181 - - <1 - 110 <5 20 <1

2 23 181 - - <1 - 110 <.5 20 <1

4 41 366 <20 <50 36.2 15.0 84 - 60 <2

4 40 362 <20 <50 36.4 13.7 83 - - <2
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Table 15. Water-quality data for replicate ground-water samples (Continued)

Chro-

Manga-

Molyb-

Sele-

Copper Iron Lead Lithlum Nickel Strontlum  Zinc Analyz-
mium nese denum n
e T T T ool oL (,::/T (wglL  (ugL  ing
as Cr) asCu) asFe) as Pb) as Li) as Mn) as Mo) as NI) as Se) as Sr) asZn) agency
<2 <2 <3 <3 20 <2 <20 <2 <l 340 20 MBMG
2 2 3 3 30 2 20 2 1 340 20 MBMG
<2 <2 4 <2 80 3 <10 <2 <1 400 <2 MBMG
<5 <10 4 <10 80 3 <10 <10 - 400 <3 USGS
10 2 3 2 80 2 10 2 1 410 2 MBMG
2 <2 11 <3 30 <2 <30 <2 - 640 100 MBMG
<5 <10 4 <10 30 <l <10 <10 - 660 100 USGS
2 <2 8 <3 20 <2 <30 <2 - 650 9% MBMG
<2 <2 14 <3 210 70 <20 <2 - 270 4 MBMG
<5 <10 20 <10 210 72 10 <10 - 260 4 USGS
<2 <2 12 <3 210 73 <20 <2 - 270 <2 MBMG
<2 2 6 <2 240 2,500 18 3 <] 250 2 MBMG
2 2 3 2 250 2,600 18 3 1 250 3 MBMG
<2 12 4 <2 310 <2 <20 2 <1 250 40 MBMG
<5 10 <3 <10 310 <1 10 <10 - 250 50 USGS
2 12 3 2 300 2 20 3 1 240 38 MBMG
<5 <10 6 <10 4 <] <10 <10 - 160 <3 USGS
<5 <10 7 <10 5 <1 <10 <10 - 160 3  USGS
<2 <2 230 <3 60 310 <20 <2 - 780 8 MBMG
<2 <2 220 <3 60 320 <20 <2 - 780 MBMG

TABLE 15

119



Table 16. Water-quality data for standard reference samples’

[Constituents are reported as dissolved. Number of significant figures for arsenic concentrations are those reported by the respective
laboratories; other concentrations are rounded according to standard USGS procedures. Source of data: MBMG, Montana Bureau of
Mines and Geology, Analytical Division, Butte, Mont.; USGS/SRS, standard reference sample most probable value. Abbreviations: pg/L,
micrograms per liter; mg/L, milligrams per liter. Symbols: <, less than minimum reporting level; --, no data]

sourceo Colcum MM soqum  POS gutate  Chioride  Fuoride  Silica
Sample date data (mg/L (mgiL (mg/L (mgiL (mg/L (mg/L (mg/L (mg/L
as Ca) as Mg) as Na) as K) as SO,) as Cl) asF) as Si0,)
09-28-92 MBMG 35 9.3 12 23 - - - <0.1
USGS/SRS 35 9.3 12 23 - - - -
10-08-92 MBMG 49 28 140 5.1 12 56 <0.4 9.4
USGS/SRS 51 28 140 54 9.6 56 2 9.9
05-10-93 MBMG - - -- - - 75 - -
USGS/SRS -- - - - - 7.6 - -
MBMG - - - - - 54 - -
USGS/SRS - - - - - 55 - -
07-27-93 MBMG - - - - - - - -
USGS/SRS - - - - - - - -
07-27-93 MBMG - - - - - - - -
USGS/SRS - - - - - - - -
08-19-93 MBMG - - - - - .- - -
USGS/SRS - - - - - - - -
08-19-93 MBMG - - - - - - - -
USGS/SRS - - - - - - - -
08-27-93 MBMG 4.8 .8 100 1.6 150 7.4 .6 7.5
USGS/SRS 4.6 8 100 1.2 160 7.6 .6 7.7
09-13-93 MBMG - - - - - 57 - -
USGS/SRS - - - - - 55 - -
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Table 16. Water-quality data for standard reference samples' (Continued)

Aluminum Arsenic Barlum Berylllum Boron Cadmium g'?;; Copper Iron
Sample date (ng/L (ng/L (/L (nolL (ro/L (ng/L (ug/L (ng/L (ng/L
as Al) as As) as Ba) as Be) as B) as Cd) a: cn as Cu) as Fe)

09-28-92 100 78.0 50 - 120 12 20 22 100
100 81.5 48 - 120 12 20 23 110
10-08-92 50 133 260 - 100 11 40 17 1,200
40 14.0 250 - 100 14 40 17 1,200
05-10-93 - 10.4 -- - 120 - - - -
- 10.8 - - 130 - - - -
- 22.0 - - 175 - - - -
- 23.8 - - 188 - - - --
07-27-93 - 10.6 - - - - - - -
- 10.8 - - - - - - -
07-27-93 - 22,6 - - - - - - -
- 238 - - - - - - -

08-19-93 - 17.8 - - - - - -
- 173 - - - - - - -

08-19-93 - 237 68 10 190 4 <2 44
- 23.8 70 10 190 4 3 47 -
08-27-93 - 23.0 67 10 180 4 2 44 280
- 23.8 70 10 190 4 3 47 270
09-13-93 - 10.8 - - 130 - - - 50
- 10.8 - - 130 - - - 50
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Table 16. Water-quality data for standard reference samples' (Continued)

Lead Lithium gMan- ‘I’ﬂ;:‘v; Nickel Seienium Strontium Zinc
Sample date (ng/L (ng/L (gl (uglL (ngiL (na/L (ng/L (ng/L
as Pb) as L) as Mn) as Mo) as NI) as Se) as Sr) as Zn)
09-28-92 29 20 35 110 61 - 260 70
35 20 34 104 57 - 250 70
10-08-92 15 130 460 46 18 - 690 390
13 130 455 46 17 - 670 380
05-10-93 - 196 - - - - -
- 193 - - - - -
- 47 - - - - - -
- 45 - - - - -
07-27-93 - - - - - - - -
07-27-93 - - - - - - - -
08-19-93 - - - - - - - -
08-19-93 <2 - 61 31 2 20 - 52
1 - 65 34 2 19 - 56
08-27-93 2 - 66 35 2 20 30 50
1 - 65 34 2 19 30 60
09-13-93 - 190 - - - - - -
- 190 - - - - - -

IStandard reference samples (SRS) are quality-assurance samples prepared, analyzed, and distributed by the U.S. Geological Survey to eval-
uate laboratory procedures.
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Table 17. Water-quality data for field blanks

[Constituents are reported as dissolved. Number of significant figures for arsenic concentrations are those reported by the respective laboratories; other
concentrations are rounded according to standard USGS procedures. Analyzing agency: MBMG, Montana Bureau of Mines and Geology, Analytical
Division, Butte, Mont.; USGS, U.S. Geological Survey National Water Quality Laboratory, Arvada, Colo. Abbreviations: pg/L, micrograms per liter; mg/L,
milligrams per liter. Symbols: +3 and +5, oxidation states of arsenic--arsenite and arsenate, respectively, <, less than minimum reporting level; --, no data]

Calclum ":‘:l‘g;n Sodium Ps‘l’l‘fnf Sulfate  Chioride  Fiuoride  Sliica Nitrate
Sample date (mg/L as (mg/L as (mg/L as (mg/L (mglL,as (mg/lLas (mg/Las (mg/las (mg/L
Ca) Mg) Na) as K) S0,) (o)} F) Si0,) as N)
08-13-92 0.06 <0.01 <0.2 <0.1 <0.1 0.6 02 34 -
08-25-92 .02 <01 <2 <1 <l 1 <1 32 -
09-21-92 <1 <1 <l 3 <5 <1 .1 7.4 <0.10
09-23-92 <l1 <l <l 3 <5 <1 B 8.8 <10
09-08-93 - - - - - <1 - - -
01-10-95 - - - - - <l - - --
Arsenic,
All‘:al- As*® and Ar::ﬂc, Barlum BI::‘?: Boron Cadmium . =~ Copper
Sampie date As*S (ug/L as (ng/L (ng/L as {(ng/L as
(ug/L (ng/L (ug/L as (ng/L as Cr)
as Al) (gL as As) Ba) Be) as B) Cd) Cu)
as As)
08-13-92 - <1 - <2 <0.5 <10 <1 <5 <10
08-25-92 - - - <2 <5 <10 1 <5 <10
09-21-92 <50 <S5 - 4 - <20 <2 <2 <2
09-23-92 <50 <5 <l 6 - <20 <2 <2 <2
09-08-93 - <1.0 - - - <30 - - -
01-10-95 - <1 - - —~ <10 - -- -
Manga- Molyb-
iron Lead Lithilum Stron-
nese denum Nickel Zinc Analyzing
Sampledate (ug/Las (ug/Las (ug/L as (ug/L as (uglLas  (ug/L as NI) tlum (ug/lLas Zn)  agency
Fe) Pb) Li) (ug/L as Sr)
Mn) Mo)
08-13-92 <3 <10 <4 <1 <10 <10 <1 <3 USGS
08-25-92 <3 <10 <4 <1 <10 <10 <1 4 USGS
09-21-92 11 <3 <6 <2 <20 <2 <6 <2 MBMG
09-23-92 10 <3 <6 <2 <20 <2 <6 <2 MBMG
09-08-93 <3 - <6 - - - - - MBMG
01-10-95 - - <10 - - - - - USGS
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Table 18. Water Data Storage and Retrieval System (WATSTORE) codes and parameter names for selected physical
and water-quality parameters used in this report

[Abbreviations: ft3/s, cubic feet per second; °C, degrees Celsius; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter
at 25° C; mg/L, milligrams per liter; mm, millimeter; permil, parts per thousand; TU, tritium unit]

WATSTORE' code WATSTORE parameter name
00020 Air temperature (°C)
90410 Alkalinity ((mg/L as CaCOs)
00419, 390862 Alkalinity, field (mg/L as CaCO3)
01106 Aluminum - dissolved (ug/L as Al)
30010 Analyzing agency, Montana Bureau of Mines and Geology
80020 Analyzing agency, U.S. Geological Survey
01095 Antimony- dissolved (ug/L as Sb)
01000 Arsenic - dissolved (ug/L as As)
01002 Arsenic - total recoverable (ug/L as As)
01005 Barium - dissolved (ug/L as Ba)
01010 Beryllium - dissolved (ug/L as Be)
00450, 004532 Bicarbonate, field (mg/L as HCO3)
01020 Boron - dissolved (pg/L as B)
01025 Cadmium - dissolved (ng/L as Cd)
00915 Calcium - dissolved (pg/L as Ca)
00447, 00452 Carbonate, field (mg/L as CO;)°
00940 Chloride - dissolved (mg/L as Cl)
01030 Chromium - dissolved (ug/L as Cr)
01040 Copper - dissolved (pg/L as Cu)
DATES Date of sample
82082 Deuterium/hydrogen stable-isotope ratio (permil)
00061 Discharge - instantaneous (ft%/s)
70301 Dissolved solids - calculated (mg/L)
00950 Fluoride - dissolved (mg/L as F)
GUNIT Geologic unit
01046 Iron - dissolved (ng/L as Fe)
01049 Lead - dissolved (ug/L as Pb)
01130 Lithium - dissolved (pg/L as Li)
00925 Magnesium - dissolved (pug/L as Mg)
01056 Manganese - dissolved (ug/L as Mn)
01060 Molybdenum - dissolved (ug/L as Mo)
01065 Nickel - dissolved (pg/L as Ni)
00618 Nitrate - dissolved (mg/L as N)
99900° Nitrate, field - dissolved (mg/L as N)
00300 Oxygen, field - dissolved (mg/L)
00301 Oxygen, field (percent saturation)
82085 Oxygen-18/oxygen-16 stable isotope ratio (permit)
00671 Phosphorus, orthophosphate - dissolved (mg/L as P)
00400 pH - field (standard units)
00935 Potassium - dissolved (mg/L as K)
80154 Sediment - suspended (mg/L)
80155 Sediment - percent finer than 0.062 mm
01145 Selenium - dissolved (ug/L as Se)
00955 Silica - dissolved (mg/L as SiO,)
00930 Sodium - dissolved (mg/L as Na)
00095 Specific conductance, field (uS/cm)
01080 Strontium - dissolved (ug/L as Sr)
00945 Sulfate - dissolved (mg/L as SO4)
07000 Tritium, whole water (TU)
00010 Water temperature, field (°C)
01090 Zinc - dissolved (ug/L as Zn)

1 Analytical methods for the U.S. Geological Survey, National Water Quality Laboratory are fully described in Fishman and Friedman, 1989,
and Fishman, 1993.

2The first WATSTORE code refers to incremental titration with an unfiltered sample, whereas the second WATSTORE code refers to incre-
mental titration with a filtered sample.

3U.S. Geological Survey, Montana District use only. Nitrate value determined in the field with a spectrophotometer.
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